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AS-507 LAUNCH VEHICLE 


MPR-SAT-FE-70-1 
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-507 
APOLLO 12 MISSION 
BY 


Saturn Flignt Evaluation Working Group 
George C. Marshall Space Flight Center 


ABSTRACT 


Saturn V AS-507 (Apollo 12 Mission) was launched at 11:22:00.00 Eastern 
Standard Time on November 14, 1969, from Kennedy Space Center, Complex 
39, Pad A. The vehicle lifted off on schedule on a launch azimuth of 

90 degrees east of north and rolled to a flight azimuth of 72.029 degrees 
east of north. The launch vehicle successfully piaced the manned space- 
craft in the planned translunar injection coast mode. 


The Mandatory and Desirable Objectives of this mission were accomplished 
with the exception of inserting the S-IVB/IU into a slingshot trajectory 
on the first pass of the moon. No failures, anomalies, or deviations 
occurred that serivusly affected the flight or mission. 


Any questicns or comments pertaining to the information contained in 
this report are invited and should be directed to: 


Director, George C. Marshall Space Flight Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation Working 
Group, S&E-CSE-LF (Phone 453-2575) 
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Data Transmission System 
Exploding Bridge Wire 
Engine Cutoff 


Environmental Control! 
Sys tem 


Propulsion System 
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Emergency Detection System 
Engine Mixture Ratio 

Earth Parking Orbit 

Engine Start Command 
Eastern Standard Time 
Error Time Word 
Extra-Vehicular Activity 
Flignt Control Computer 


Frequency Modulation/ 
Frequency Modulation 


Flight Readiness Test 

Gas Bearing System 

GOX Flow Contre] Valve 
Goldstone Wing Station 

Gas Generator 

Gaseous Oxygen 

Guidance Reference Release 
Ground Support Equipment 
Ground Support Cooling Unit 
Grand Turk Island 

Guaymas 

Hawaii 

Holddown Arm 

Helium Flow Control Valve 
Honeysuckle (Canberra) 
Iterative Guidance Mode 


IMU 
IU 
KSC 
LET 
LH 
LM 
LOI 
LOS 
LOX 
LV 
LVDA 


LVDC 
LVGSE 
MCC-H 
MILA 


ML 
MMH 
MO 
MOV 
MR 
MSC 
MSFC 


MSFN 


MSS 
MTF 
M/W 
NPSP 


ABBREVIATIONS (CONTINUED) 


Inertial Measurement Unit 


Instrument Unit 
Kennedy Space Center 
Launch Escape Tower 
Liquid Hydrogen 

Lunar Module 

Lunar Orbit Insertion 
Loss of Signal 

Liquid Qxygen 

Launch Vehicle 


Launch Vehicle Data 
Adapter 


Launch Vehicle Digital 
Computer 


Launch Vehicle Ground 
Support Equipment 


Mission Control Center - 
Houston 


Merritt Island Launch 
Area 


Mobile Launcher 
Monomethy! Hydrazine 
Mandatory Objective 

Main Oxidizer Valve 
Mixture Ratio 

Manned Spacecraft Center 


Marshall Space Flight 
Center 


Manned Space Flight 
Network 


Mobile Service Structure 


Mississippi Test Facility 


Methanol Water 


Net Positive Suction 
Pressure 


NPV 
NASA 


OAT 
OCP 
OECO 
OMNI 
OMPT 


OT 
PAFB 
PCM 


PCM/ 
FM 


PQI 
PMR 
PRA 
PTCS 


PU 
RF 
RFI 
RMS 
RP-] 


SA 

SC 
SLA 
SM 
SPS 
SRSCS 


SS/FM 
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Nonpropulsive Vent 


National Aeronautics and 
Space Administration 


Overall Test 

Orbital Correction Program 
Outboard Engine Cutoff 
Omni Directional 


Operational Mass Point 
Trajectory 


Operational Trajectory 
Patrick Air Force Base 
Pulse Code Modulation 


Pulse Code Modulation/ 
Frequency Modulation 


Parking Orbit Insertion 
Programed Mixture Ratio 
Patrick Reference Atmosphere 


Propellant Tanking Control 
System 


Propellant Utilization 
Radio Frequency 
Radiofrequency Interference 
Root Mean Square 


Designation for S-IC Stage 
Fuel (kerosene) 


Service Arm 

Spacecraft 

Spacecraft/LM Adapter 
Service Module 

Service Propulsion System 


Secure Range Safety Command 
System 


Single Sideband/Frequency 
Modulation 


ABBREVIATIONS (CONTINUED) 


Start Tank Discharge Valve 
Space Vehicle 

Time Base 1 

Thermal Conditioning System 


Transposition, Docking and 
Ejection 


Transearth Injection 
Corpus Christi (Texas) 
Trans lunar Injection 
Telemeter, Telemetry 
Triple Modular Redundant 
Tail Service Mast 

Thrust Vector Control 


Unsatisfactory Condition 
Report 


Unified S-Band 
Universal Time 
Vanguard (ship) 
Very High Frequency 
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MISSION PLAN 


The AS-507 flight (Apollo 12 Mission) is the seventh fligh* of the 
Apollo/Saturn V flight test program. The primary objective of the 
mission is to land astronauts on the lunar surface and return them 
safely to earth. The crew consists of Charles Conrad, Jr. (Mission 
Commander), Richard Gordon, Jr. (Command Module Pilot), and Alan Bean 
(Lunar Module Pilot). 


The AS-507 flight vehicle is composed of the S-IC-7, S-II-7, and S-IVB-7N 
Stages; Instrument Unit (IU)-7; Spacecraft/Lunar Module Adapter (SLA)-15; 
and Spacecraft (SC). The SC consists of Command and Service Module (CSM) 
-108 and Lunar Module (LM)-6. 


Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along a 
90 degree azimuth with a roll to a variable flight azimuth of 72 to 96 
degrees measured east of true north. Vehicle mass at S-IC ignition is 
6,484,620 Ibm. The S-IC stage powered flight is approximately 162 seconds; 
the S-II stage provides powered flight for approximately 387 seconds. 
Following S-IVB first burn (approximateiy 135 seconds duration), the 
S-IVB/IU/SLA/LM/CSM is inserted into a circular 100 n mi altitude (refer- 
enced to the earth equatorial radius) Earth Parking Orbit (EPO). Vehicle 
mass at orbit insertion is 300,003 Ibm. 


At approximately 10 seconds after EPO insertion, the vehicle is aligned 
with the local horizontal. Continuous hydrogen venting is initiated 
shortly after EPO insertion and the Launch Vehicle (LV) and CSM systems 

are checked in preparation for the Translunar Injection (TLI) burn. During 
the second or third revolution in EPO, the S-IVB stage is reignited and 
burns for approximately 345 seconds. This burn injects the S-IVB/IU/SLA/ 
LM/CSM into a free-returm, translunar trajectory. 


Approximately 15 minutes afte~ TLI, the vehicle initiates an inertial 
attitude hold for CSM separation, docking and LM ejection. Following the 
attitude freeze, the CSM separates from the LV and the SLA panels are 
jettisoned. The CSM then transposes and docks to the LM. After docking, 
the CSM/LM is ejected from the S-IVB/IU. Follcwing CSM/LM ejection, the 
S-IVB/IU configuration achieves a co-rotational slingshot trajectory by 
using propulsive venting of liquid hydrogen (LH2), dumping of liquid oxygen 
(LOX) and by firing the Auxiliary Propulsion System (APS) ullage engines. 
The slingshot trajectory results in a solar orbit for the S-IVB/IU. 
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During the 3 day translunar coast, the astronauts perform star-earth 
landmark sightings, Inertial Measurement Unit (IMU) alignments, genera} 
lunar navigation procedures and possibly four midcourse corrections. One 
of these corrections will maneuver the SC into a hybrid trajectory 
approximately 28 hours after TLI. At approximately 83 hours and 25 
minutes, a Service Propulsion System (SPS) burn (Lunar Orbit Insertion 
[LOI]) of approximately 342 seconds inserts the CSM/LM into a 60 by 

170 n mi altitude parking orbit. 


Approximately two revolutions after LOI, a 17.6-second SPS burn will 
adjust the orbit into a 54 by 66 n mi altitude. The LM is entered by 
astronauts Conrad and Bean and checkout is accomplished. During the 
thirteenth revolution in orbit at 108 hours, the LM separates from the CSM 
and prepares for the lunar descent. The LM descent propulsion system is 
used to brake the LM into the proper landing trajectory and maneuver the 
LM during descent to the lunar surface. 


Following lunar landing, two 3.5 hour Extra-Vehicular Activity (EVA) time 
periods are scheduled dur‘ng which the astronauts will explore the iunar 
Surface, examine the LM exterior, investigate in the vicinity of the 
Surveyor III spacecraft, and deploy scientific instruments. The total 
stay time on the lunar surface is open-ended, with a planned maximum of 
32 hours, depending upon the outcome of current lunar surface operations 
plunning and of real-time operational decisions. After the EVA, the 
astronauts prepare the ascent propulsion system for lunar ascent. 


The CSM performs a plane change approximately 19 hours before lunar ascent. 
At approximately 142 hours and 8 minutes, the ascent stage inserts the LM 
into a 9 by 45 n mi altitude lunar orbit, and rendezvous and docks with 
the CSM. The astronauts reenter the CSM, jettison the LM, photograph 

poss‘ le lunar exploration sites, and prepare for Transearth Injection 
(TEI). TEI is accomplished at approximately 172 hours and 23 minutes 

with a 129-second SPS burn. The time and duration of the SPS TEI burn 

is dependent upon an optional astronaut rest period. 


During the 72-hour transearth coast, the astronauts perform navigation 
procedures, star-earth-moon sightings and possibly three midcourse 
corrections. The Service Module (SM) separates from the Command Module 
(CM) 15 minutes before reentry. Splashdown occurs in the Pacific Ocean 
approximately 244 hours and 35 minutes after liftoff. 


After the recovery operations, a biological quarantine is imposed on the 
crew and CM. An incubation period of 18 days from splashdown (21 days 

from lunar ascent) is required for the astronauts. The hardware incubation 
period is the time required to analyze certain lunar samples. 
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FLIGHT SUMMARY 


The fifth manned Saturn V Apollo space vehicie, AS-507 (Apollo 12 Mission) 
was launched at 11:22:00 Eastern Standard Time (EST) on November 14, 1969 
from Kennedy Space Center (KSC), Complex 39, Pad A. This seventh launch 
of the Saturn V/Apollo successfully performed all the mandatory and de- 
Sirable objectives required for successful accomplishment of the primary 
mission objective which basically was to perform an ALSEP lunar landing 
mission. The only objective not accomplished, insertion of S-IVB/IU into 
a solar orbit, fundamentally had no effect on the mission. 


The Taunch countdown support systems performed well. However, several 
systems experienced component failures and malfunctions that required 
corrective action, but all repairs were accomplished in time to maintain 
the launch schedule. Damage to the pad, mobile launcher, and support 
equipment was minor. 


The trajectory parameters of AS-507 from launch to Translunar Injection 
(TLI) were close to nominal. The vehicle was launched on an azimuth 90 
degrees east of north. A roll maneuver was initiated at 12.8 seconds that 
placed the vehicle on a flight azimuth of 72.029 degrees east of north. 
The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 10.4 
m/s (34.1 ft/s) less than nominal. The space-fixed velocity at S-II OECO 
was 17.3 m/s (56.8 ft/s) less than nominal. The space-fixed velocity at 
parking orbit insertion was 0.5 m/s (1.7 ft/s) less than nominal. The 
apogee was G.2 kilometer (0.1 n mi) greater than nominal, and the perigee 
was 4.0 kilometers (2.2 n mi) less than nominal. The parameters at TLI 
were also close to nominal. The space-fixed veiocity was 1.6 m/s (5.2 ft/s) 
less than nominal, the altitude was 1.6 kilometers (0.9 n mi) less than 
nominal and C3 was 60,828 m2/s2 (654,747 ft2/s2) less than nominal. Follow- 
ing Lunar Module (LM) ejection, the vehicle attempted a slingshot maneu- 
ver. The S-IVB/IU closest approach of 5707 kilometers (3082 n mi) above 
the lunar surface did not provide sufficient energy to escape the earth- 
moon system. The failure to achieve slingshot was due to the application 
of an excessively long ullage engine burn which was calculated using the 
telemetered state vector rather than the vector obtained from tracking. 
Even thougii the slingshot maneuver was not achieved, the fundamental ob- 
jectives of not impacting the spacecraft, the earth or the moon were 
achieved. 


All S-IC propulsion systems performed satisfactorily ard the propulsion 
performance level was very close to the predicted level. Stage site thrust 
(averaged from liftoff to OECO) was 0.55 percent higher than predicted. 
Total propellant consumption rate was 0.26 percent higher than predicted 
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with the total consumed Mixture Ratio (MR) 0.34 percent higher than pre- 

dicted. Specific impulse was 0.20 percent higher than predicted. Center 
Engine Cutoff (CECO) was commanded by the IU as planned. OECO, initiated 
by the LOX low jevel sensors, occurred 0.74 second earlier than predicted. 


The S-II propulsion system performed satisfactorily throughout the flight. 
The S-II stage operation time was 2.1 seconds longer than predicted. 

Total stage thrust at 61 seconds after S-II Engine Start Command (ESC) 
was 0.05 percent below predicted. Total propellant flowrate (including 
pressurization flow) was equal to the predicted and vehicle specific 
impulse was 0.05 percent below predicted at this time slice. Stage pro- 
pellant MR was 0.36 percent above predicted. Low frequency low amplitude 
oscil’ations were cu-erved on all engines during S-II boost prior to CECO; 
however, net engine performance levels were not affected. 


The J-2 engi.ie operated satisfactorily throughout the operational phase 

of S-IVB first and second burns with normal engine shutdowns. 5S-IVB first 
burn duration was 2.5 seconds longer than predicted. The engine perforn- 
ance during first burn, as determined from standard altitude reconstruc- 
tion analysis, deviated from the predicted by +0.40 percent for thrust 
while the specific impulse was equal to the predicted. The Continuous 
Vent System (CVS) adequately regulated LHo tank ullage pressure during 
orbit, and the Oxygen/Hydrogen (0o/H9) burner satisfactorily achieved LH? 
and LOX tank repressurization for restart. However, the 02/H2 burner 
Sutdown did not occur at the programed time due to an intermittent elec- 
trical “open" circuit. This delay in shutdown resulted in a suspected 
burnthrough in the O09/Ho burner. Engine restart conditions were within 
specified limits. The restart at full open Propellant Utilization (PU) 
valve position was successful. S-IVE second burn duration was 3.8 seconds 
less than predicted. The engine performance during second burn, as de- 
termined frem the standard altitude reconstruction analysis, deviated from 
the predicted by 0.76 percent for thrust and 0.05 percent for specific 
impulse. Subsequent to second burn, the stage propellant tanks were safed 
satisfactorily, with sufficient impulse being derived from the LOX dump to 
impart 32.8 ft/s to stage velocity. 


The S-IC, S-II, and S-IVB stage hydraulic systems performed satisfactorily. 
During this period all parameters were within specification limits, although 
the return fluid temperatire of one S-IC actuator rose unexpectedly at 100 
seconds. 


The structural loads experienced during the S-IC boost phase were weli 
below design values. The maximm high Q region bending moment was 37 x 

106 Ibf-in. at the S-IC LOX tank which was less than 20 percent of design 
value. Low leve: oscillations, similar to those of previous flights, were 
evident during each stage burn but caused no problems. The S-II stage ex- 
perienced four periods of 16-hertz oscillations during S-.I mainstage 

prior to CECO. Oscillations in the chamber pressure, LOX sump pressure, 
and LOX inlet pressure occurred at the same frequency as the structural 
vibrations. The loading resulting from these oscillations, however, caused 
no structural failure or degradation. 
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The guidance and navigation system performed satisfactorily. The parking 
orbit and TLI parameters were within the 3-sigma tolerance. The S-IVB/IU 
did not achieve heliocentric orbit due to the computed time for *he APS 
ullage burn. This burntime computation was based on the telemetered state 
vector which was within the 3-sigma limit but exceeded the allowable limits 
for accomplishing slingshot. The state vector was in error due to a rather 
large space-fixed component velocity difference observed prior to the S-IVB 
stage second burn, which was enlarged through the second active guidance 
period. The LVDC, the Launch Vehicle Data Adapter (LVDA), and the ST-124M-2 
inertial platform functioned satisfactorily. 


The AS-507 Flight Control Computer (FCC), Thrust Vector Control (TVC) and 
APS satisfied all requirements for vehicle attitude control during the 
flight. Al? maneuvers were properly accomplished. All separations oc- 
curred as expected without oroducing significant attitude deviations. 


The AS-507 launch vehicle electrical systems and Emergency Detection System 
(EDS) performed satisfactorily throughout all phases of flight except 
during S-IVB restart preparations. During this time the S-IVB stage elec- 
trical systems 7*id not respond properly to burner LOX shutdown valve 
"CLOSE" and telemetry calibrate "ON" commands from the S-IVB switch selec- 
tor. Both of the command failures were isolated to intermittent condi- 
tions in a bus module (404A3A29) or the associated mating connector 
(404A3W1P29) located in the S-IVB sequencer. Operation of the vatteries, 
power supplies, inverters, Exploding Bridge Wire (EBW) firing units and 
switch selectors was normal. 


Apollo 12 was the first Saturn vehicle launched in rainy weather. Shortly 
after 36.5 seconds into the flight, there were numerous space vehicle in- 
dications of a massive electrical disturbance, followed by a second dis- 
turbance at 52 seconds. The astronauts reported that, in their opiniun, 
the vehicle had been hit by lightning. Camera data, telemetered data, 

and Launch Vehicle Data Adapter/Launch Vehicle Digital Computer (LVDA/LVODC) 
bit errors showed that the vehicle had been struck by lightning at 36.5 
seconds. Virtually no discernible effects were noted on the launch vehi- 
cle during the 52-second disturbance. Atmospheric electrical factors and 
the fact that the vehicle does not have the capacitance to store suffi- 
cient energy to produce the effects noted indicate that the lightning 
discharge at 36.5 seconds was triggered by the vehicle. The 52-second 
disturbance may have been due to a Jesse’ ahtning discharge. The launch 
vehicle hardware and software suffered nu . nificant effects; therefore, 
the mission proceeded as scheduled. There is no evidence of vehicle pyro- 
technics being endangered, due to built-in protection in the circuitry. 
Some modification to present launch mission rules will be required to pre- 
Clude launching of the vehicle when the probability of triggered lightning 
discharges is deemed unacceptable. 


Vehicle base pressure environments were generally in good agreement with 


previous flight data. Base thermal environments, in general, were 
Similar to those experienced on earlier flights. 
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The Environmentai Control System (ECS; performed satisfactorily. There 
was evidence of direct incidence solar heating near IU panel] 20, through 
the open end of the IU, after spacecraft separation. Components located 
in this area, cooled by the Thermal Conditioning System (TCS), showed an 
increase in temperature without any performance degradation through 40,000 
seconds. During this period of solar heatiny, the gas bearing differen- 
tial pressure decreased below the expected lower limit because of tempera- 
ture effects of the Gas bearing Supply (GBS) system GNo pressure regula- 
tor. The performance of the ST-124M-3 platform was not affected by this 
decrease in pressure. 


All elements of the data system performed satisfactorily throughout 
flight except for problems with the Command and Communication Systen 
(CCS) uplink signai and omni downlink antenna system during translunar 
coast. Measurement performance was excellent as evidenced by 99.9 per- 
cent reliability. This reliability is the same as AS-506 when the 
highest reliability for any Saturn V flight was attained. 


Telemetry performance was nominal. Very High Frequency (VHF) telemetry 
Radio Frequency (RF) propagation was genera!ly good, though the usual 
problems due to flame effects and staging were experienced. VHF data 
were received to 25,260 seconds (07:01:00). Command systems RF perform- 
ance for both the Secure Range Safety Command System (SRSCS) and CCS was 
nominal except for the CCS problems noted. Goidstone Wing Station (GDSX) 
received CCS signals to 46,070 seconds (12:47:50). Good tracking data 
were received from the C-Band radar, with Merritt Island Launch Area 
(MILA) indicating final LOS at 43,560 seconds (12:06:00). The 71 ground 
engineering cameras p:ovided good data during the launch. 
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FAILURES, ANOMALIES AND DEVIATIONS 


Evatuation of the launch vehicle data revealed no failures, five 
anomalies and eight deviations. These anomalies and deviations are 


Summarized in the following tables. 


Table 1. Summary of Anomalies 
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SECTION | 
INTRODUCTION 


}.1 PURPOSE 


This report orovides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch vehi- 
cle evaluation results of the AS-507 flight. The basic opjective of 
fiight evaluation is to acquire, reduce, analyze, evaluate and report 

on flight data to the extent required to assure future mission success 
and vehicle reliability. To accomplish this objective, actual flight 
failures, anomal.2s and deviations must be identified, their causes 
accurately determined, and complete information made available so that 
corrective action can be accciplished within the estabtished flight 
schedule. 


1.2 SCOPE 


The contents of this report are centered on the performance evatuation 
of the major launch vehicle systems, with special emphasis or the fai.- 
ures, anomalies and deviations. Summaries of launch operations and 
Spacecraft performance are tncluded for completeness. 


The official George C. Marshall Space Flight Center (MSFC) position at 
this time is represented by this report. It will not be followed by a 
Similiar report unless continued analysis or new information should prove 
the conclusions presented herein to be significantly incorrect. Reports 
covering major subjects and special subjects will be published as re- 
quired. 
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SECTION 2 
EVENT TIMES 


2.1 SUMMARY OF EVENTS 


Renoe zero time, the basic time reference for this report, is 11:22:00 
Eastern Standard Time (EST) (16:22:00 Universal Time [UT]). Range time 
is calculated as the elapsed time from range zero time and, unless other- 
wise noted, is the time used throughout this report. The actual and pre- 
dicted range times are adjusted to ground telemetry received times. The 
Time-From-Base times are presented as vehicle times. Figure c-1l shows 
the time delay of ground telemetry received time versus Launch Vehicle 
Digital Computer (LVDC) time. The difference between ground and vehicle 
time is a function of the LVDC clock speed and telemetry transmission 
distance and indicates the magnitude and sign of correccions applied to 
correlate range time and vehicle time in Tables 2-1, 2-2 and 2-3. 


Guidance Peference Release (GRR) occurred at -16.97 seconds and start of 
Time Base 1 (7]) occurred at 0.68 second. GRR was establishea by the 
Digital Events Evaluator (DEE-6) and T] was initiated at detection of 
liftoff signal provided by de-energizing the liftoff relay in the Instru- 
ment Unit Thu) at IU umbilical disconnect. 


Range times for each time base used in the flight sequence program and 

the signal for initia.ing each time base are presenteg in Table 2-1. 

Start of To was within nominal expectations for this event. Start of 13 
was 0.7 second early. Ta and Ts were initiated approximately 1.4 and 4.0 
seconds later than predicted, respectively, due to variations in the stage 
burn times. These variations are discussed in Sections 5, 6 and 7 of this 
document. Start of Tg, which was initiated by the LVDC upon solving the 
restart equation, was 2.5 seconds later than predicted. Start of 17 was 
1.1 seconds earlier than predicted. Tg, which was initiated by the 
receipt of a ground command, was started 115.2 seconds later than the 
predicted time. 


A summary of significant events for AS-507 is given in Table 2-2. Since 
not all events listed in Table 2-2 are IU commanded switch selector func- 
tions, deviations are not to be construed as failures to meet specified 
switch selector tolerances. The events in Table 2-2 associated with 
guidance, navigation, and contro] have been identified as being accurate 
to within a major computation cycle. 
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Figure 2-1. Telemetry Time Delay 


The predicted times for establishing actual minus predicted times in 

Table 2-2 have been taken from 40M33627B, “Interface Control Document 
Definition of Saturn SA-507 Flight Sequence Program", aud from the "AS-507 
H-1 Mission Launch Vehicle Operational Flight Trajectory", sated August 12, 
1969. 


2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS 


Table 2-3 lists the switch selector events which were issued during the 
flight but were not programed for specific times. The water coolant valve 
open and close switch selector commands were issued based on the condition 
of two thermal switches in the Environmental Control System (ECS). The 
outputs of these switches we'e sampled once every 300 seconds, beginning 
at 180 seconds, and a switch selector command was issued to open or close 
the water valve. The valve was open if the sensed temperature was too 
high and the valve was closed if the temperature was too low. 
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Table 2-1]. Time Base Summary 


RANGE TIME 
TIME BASE SEC STGNAL START 
(HR:MIN:SEC) 


-16.97 Guidance Reference Release 


0.68 IU Umbilical Disconnect 
Sensed by LVDC 


135.32 S-IC CECO Sensed by LVDC 
161.79 | S-IC OECO Sensed by LVDC 
552.36 S-II OECO Sensed by LVDC 


694.12 S-IVB ECO (Velocity) Sensed 
by LVDC 


9464.48 Restart Equation Solution 
(2:37:44.48) 


10,384.12 S-IVB ECO (Velocity) Sensed 
(2:53:04.12) by LVDC 


16,000.25 Enabled by Ground Command 
{4:26:40.25) 





Table 2-3 also contains the special sequence of Switch selector events 
which were programed to be initiated by telemetry station acquisition 
and included the following calibration sequence: 


Function Stage Time (Sec) 
Telemetry Calibrator TU Acquisition +60.0 
In-Flight Calibrate ON 
™ Calibrate ON S-IVB Acquisition +60.4 
™ Calibrate OFF S-IVB Acquisition +61.4 
Telemetry Calibrator IU Acquisition +65.0 


In-Flight Calibrate OFF 
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Table 2-2. Significant Event Times Summary 


RANGE TIME TIME FROM BASE 





ACTUAL ACT-PRED ACT-PRED 
LVENT SEC SEC SEC 
1. Guidance Reference | -17.0 0.0 0.1 
Release (GRR) | : 
2. S-IC Engine Start -3.9 0.0 -9.6 0.0 
Sequence Conmand 
(Ground) 
3. $S-IC Engine No. | -6.2 0.0 -6.9 0.0 
Start 
4. S-IC Engine No. 2 -5.9 0.0 -6.6] 0.0 
Start 
5. S-IC Engine No. 3 -6.1 0.0 -6./7 0.0 
Start 
6. S-IC Engine No. 4 -6.0 0.0 -6.6 0.0 
Start 
7. S-IC Engine No. 5 -6.5 - 0.0 -7.2 0.0 
Start 
8. All S-IC Engines -1.4 0.1 -2.] 0.1 
Thrust OK 
Y, Range Zero 0.9 = -0.7 = 
10. All Holddown Arms 0.25 0.00 -0.42 -0.02 
Released (First 
Motion) 
t?. IU Umbilical 0.7 0.0 0.0 0.0 


Disconnect, Start 
of Time Base } (T, 


12. Begin Tower 2.4 0.7 1.8 0.2 
Clearance Yaw 
Maneuver* 

13. End Yaw Maneuver* 10.2 0.5 9.6 0.2 

14. Begin Pitch and 12.8 0.3 12.2 0.2 
Roll Maneuver* 

15. S-IC Cutboard 20.6 -0.] 20.0 0.0 
Engine Cant 

16. End Roll Maneuver* 32.3 1.2 31.7 0.4 

17. Mach 1 66.1 -}).0 65.4 -1).1 


*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 


Table 2-2. Significant Event Times Summary (Continued) 


RANGE TIME | TIME FROM BASE 


EVENT 


18. Maximum Dynamic 
Pressure (Max Q) 


19. S-IC Center Engine 
Cutoff (CECO) 


20. Start of Time 
Base 2 (T>) 

el. End Pitch Maneuver 
(Tilt Arrest)* 


22. S-Ic Outboard 
Engine Cutoff 
(OECO) 


23. Start of Time 
Base 3 (T3) 


24. Start S-II LHo 
Tank High Pressure 


Vent Mode 
25. S-Il He Recircu- 
lation Pumps Off 
26. S-II Ullage Motor 
Ignition 


27. S-IC/S-II Separa- 
tion Command to 
Fire Separation 
Devices and 
Retro Motors 


28. 3-11 Engine Start 
Command (ESC) 


29. S-II Engine 
Solenoid Activation 
(Average of Five) 


30. S-II Ullage Motor 
Burn Time Termi- 
nation (Thrust 
Reaches 75 Percent) 


31. S-II Mainstage 


ACTUAL 
| SEC 
81.1 


135.24 
135.4 


158.1 


161.74 


161.8 


167.9 


162.0 


162.2 


162.4 


163.1 


163.2 


166.4 


166 .4 


ACT-PRiD 
SEC 





ACTUAL 
SEC 


80.4 





ACT-PRED 
SEC 


*Time is accurate to major computation cycle dependent upon length 


of computation cycles. 
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Table 2-2. Significant Event Times Summary (Continued) 


RANGE TIME TIME FROM BASE 


ACTUAL ACT-PRED | ACTUAL | ACT-PRED 
EVENT SEC SEC SEC SEC 





32. S-II Chilldown -0.8 6.4 


Valves Close 


33. Activate S-II PU 
Sys tem 


34. S-II Second Plane 
Separation Command 
(Jettison S-II Aft 
Inters tage) 


-0.7 6.9 


-0.8 30.7 


35. Launch Escape -0.8 36.1 
Tower (LET) 


Jettison 


36. Iterative Guidance 
Mode (IGM) Phase 1 
Initiated* 


37. S-II LOX Step 
Pressurization 


38. S-II Center Engine 
Cutoff (CECO) 


39. S-Il LH2 Step 
Pressurization 


40. Guidance Sensed 
Time to Begin EMR 
Shift (IGM Phase 2 
Initiated and Start 
of Artificial Tau 
Mode) * 


41. S-II Low Engine 
Mixture Ratio 
(EMR) Shift 
(Actual) 


42. End of Artificial 
Tau Mode* 


43. S-II Outboard 
Engine Cutoff 
(0ECO) 


*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 


2~6 


-0.8 40.7 


-0.8 100.0 


-0.74 298.96 


-0.8 300 .0 


9.5 325.5 


0.6 328.2 


1.4 335.9 


1.36 390.54 





Table 2-2. Significant Event Times Suvmary (Continued) 


RANGE TIME TIME FROM BASE 


ACTUAL ACT-PRED | ACTUAL | ACT-PRED 
EVENT SEC SEC SEC SEC 


44. S-II Engine Cutoff 552.4 1.4 0.0 
Interrupt, Start 
of Time Base 4 
(Tq) (Start of IGM 


Phase 3) 

45. S-IVB Ullage Motor 553.1 1.3 | 0.8 
Ignition 

46. S-II/S-IVB Separa- 553.2 lad 0.9 


ticn Command to 
Fire Separation 
Devices and Retro 


Motors 

47. S-IVB Engine Start 553.3 1.3 1.0 
Command First ESC) 

48. Fuel Chilldown 554.5 1.3 2ce 
Pump Off 

49. S-IVB Ignition 556.6 1.6 4,° 
(STDV Open) 

50. S-IVB Mainstage 559.1 1.6 6.7 

51. Start of Artificial 559.5 1.0 7.2 
Tau Mode* 

52. S-IVB Ullage Case 565.1 1.3 12.8 
Jettison 

53. End of Artificial 568.8 1.5 16.4 
Tau Mode* 

54. Begin Terminal 660.4 3.9 108.0 
Guidance* 

55. End IGM Phase 3* 685.9 2.5 133.6 

SE. Begin Chi Freeze* 685.9 2.5 133.6 

57. S-IVB Velocity 693.91 4.05 -0.21 


Cutoff Command 


(First Guidance 
Cutoff) (First ECO) 





*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 
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Table 2-2. Sigqnifica it Event Times Summary (Continued) 
RANGE TIME TIME FROM BASE 


ACTUAL ACT-PRED ACT-PRED 
EVENT SEC SEC SEC 





58. S-IVB Engine 694.] 
Cutoff Interrupt, 
Start sf Time 
Base 5 (Ts) 


59. S-IVB APS Ullage 694.4 
Engine No. | 
Ignition Command 

60. S-IVB APS Ullage 694.5 
Engine No. 2 
Ignition Command 


61. LOX Tank 695.3 
Pressurization Off 


62. Parking Orbit 703.9 
Insertion 


63. Begin Maneuver to 714.2 
Local Horizontal 
Atti tude* 


64. S-IVB LHe Contin- 753.1 
uous Vent System 
(CVS) On 

65. S-IVB APS Ullage 781.1 


Engine No. | 
Cutoff Command 


66. S-IVB APS Ullage 781.2 
Engine No. 2 j 
Cutoff Command 


67. Begin Orbital 795.1 
Navigation* 


68. Begin S-IVB Restar 9464.5 
Preparations, Star 
of Time Base 6 (T,)I 


69. S-IVB PU Mixture 
Ratio 4.5 On 


7U. S-IVB APS Ullage 
Engine No. | 
Ignition Comniand 


0.0 0.0 


0.3 0.0 


0.4 0.0 


1.2 0.0 













9.8 0.0 


20.1 -0.3 


99.0 0.0 


87.0 0.0 


87.1 u.0 


101.0 0.6 


0.0 0.0 






9914.5 450.1 0.0 







9960.7 496 .3 0.0 






*Time is accurate to major computaticn cycle dependent upon length 
of computation cycles. 
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Table 2-2. Significant Event Times Summary (Continued) 
RANGE TIME TIME FROM BASE 


ACTUAL ACT-PRED | ACTUAL } ACT-PRED 
SEC | SEC SEC SEC 
















S-IVB APS Ullage 9960.8 2.4 496.4 


Engine No. 2 
Ignition Command 

72. S-IVB 02/H2 Burner 
Off (Helium Heater 
Off) 


73. S-IVB 02/Ho Burner 
LOX Off 


74. S-IVB LHo Chill- 
down Pump Off 


75. S-IVB LOX Chill- 
down Pump Off 


76. S-IVB Engine 
Restart Command 
(Fuel Lead Initia- 
tion) (Second ESC) 


77. S-IVB APS Ullage 
Engine No. 1 
Cutoff Command 


78. S-IV8 APS Ullage 10 ,037.5 2.4 573.1 
Engine No. 2 
Cutoff Command 

79. S-IVB Second 10 ,042.7 
Ignition (STDV 
Open) 


80. S-IVB Mainstage 10 ,045. 


81. Engine Mixture 10,144. 
Ratio (EMR) Shift 


82. S-IVB LHo Step 10 314.4 2.4 850.0 
Pressurization 
(Second Burn 
Relay Off) 


83. Begin Terminal 10 ,354.3 -1.7 889 .8 
Gui dance* 


84. Begin Chi Freeze* 10 , 381.8 -1.1 917.3 


*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 






9961.2 2.4 496.8 






9965.7 2.4 501.3 






10 ,033.8 2.4 569.4 








10 034.0 2.4 569 .6 





3.1 570.6 


comet 


10,035. 


10 ,037.4 2.4 973.0 
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85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 
94. 


95. 


96. 


97. 


98. 


Table 2-2. 


EVENT 


S-IVB Second 
Guidance Cutoff 
Command (Second 
ECO) 


S-IVB Engine Cut- 
off Interrupt, 
Start of Time 
Base 7 (T>) 

LHo Vent On 
Command 


Trens lunar 
Injection 


Begin Maneuver to 
Lecal Horizontal 
Attitude* 

Begin Orbital 
Navigation* 

LH> Vent Off 
Command 


Begin Maneuver to 
Transposition and 
Dockiny Attitude 
( TD&E )* 


CSM Separation 
CSM Dock 


SC/LV Final 
Separation 


Start of Time 
Base 8 (Tg) 


S-IV6 LH2 Vent 
On (CVS On) 


Initiate Maneuver 
to Slingshot 
Atti tude* 





SEC 


10,384. 


10, 384. 
10,393. 


10,404. 


10,404. 
11,283. 


11,285. 


11,884. 
12,413. 
15,180. 


16,900. 
16,580. 


16,581. 


RANGE TIME 
ACTUAL 





10 , 383.89 


1 


WwW 


SEC 


-1.1 


-] 


-2. 


-l, 







ACT-PRED 






2 


1 


Oo WwW 





SEC 


-0.20 


0.0 


20.3 


20.3 


899 .8 


900.9 


580.2 


580.7 


Significant Event Times Summary (Continued) 
TIME FROM BASE 


ACTUAL | ACT-PRED 


SEC 


0.0 


0.0 


115.4 
18.0 


0.7 


*Time 1S accurate to mejor computation cycle dependent upon length 


of computation cycles. 


Table 2-2. Significant Event Times Summary (Continued) 


[ | RANGE ~IME | TIME FROM BASE a 


| ACTUAL ACT-PRED { ACTUAL | ACT-PRED | 
SEC SEC SEC SEC 




















EVENT 





Begin LOX Dump 
100. End LOX Dump 


101. Hz Nonpropulsi ve 
Vent (NPV) On 

102. S-IVB APS Ullage 
Engine No. | 
Cutoff frmand 

103. S-IV8 APS Ullage 
Engine Ne. 2 
Cutoff Consiand 


19,700. 
19,706 .4 


104. Initiate Maneuver 
to Communications 


20,197.0 | 4196.8 
Attitude 








Table 2-3. 


FUNCTION 
High (5.5) Engine Mixture 
Ratio Off 


Low (4.5) Engine Mixture 
Ratio On 


Water Coolant Valve Closed 


Telemetry Calibrator 
Inflight Calibrate On 


™ Calibrate On 
™ Calibrate Off 


Telemetry Calibrator 
Inflicht Calibrate Off 


Telemetry Calibrator 
Inflight Calibrate On 


TM Calicrate On 
T™ Calibrate Off 


Telemetry Calibrator 
Inflight Calibrate Orf 


Water Coolant Valve Open 


Telemetry Calibrator 
Inflight Calibrate Or 


™ Calibrate Or 
™ Calibrate Off 


Telemetry Calibrator 
Inflight Calibrate Off 


Water Coolant Valve Cff 


Telemetry Calibrator 
Inflight Calibrate On 


™ Calibrate On 
"M Calibrate Off 


Telemetry Calibrator 
Inflight Calibrate Off 


Telemetry Calibrator 
Inflight Calibrate On 


STAGE 


S-I1 


S-1] 


S- 1 VB 
S-1 VB 
IU 


IV 
IU 


S-1VB 
S-1 VE 


- 


RANLE TIME 


(SEC) 


487.9 


488. 


781. 


1063. 


1063. 
1064. 
1068. 


5367. 


5367. 
5368. 
9372. 


6479. 
6679. 


6679. 
66£0. 
6684 . 


6779. 
2791. 


8791. 
8792. 
8796. 


9864 . 


T3 +326. 


T3z +326. 


T. +87. 


5 


T, +369. 


V5 


T- +370. 


5 


T. +374. 


5 


T. +4673. 


5 


+369. 


+4673. 
+4674. 
+4678. 


TIME FROM BASE 
(SEC) 


1 


malt 


omit 


e 
aa 


Variable Time and Commanded Switch Selector Events 


REMARKS 


LVDC Function 


CYI Rev } 


CYI Rev 1 
CYI Rev | 
CY! Rev | 


GYM Rev 1 


GYM Rev 1 
GYM Rev ] 
GYM Rev 1 


LVDC Function 
CYI Rev 2 


CY! Rev 2 
CYI Rev 2 
CYI Rev 2 


LVDC Function 
CRO Rev 2 


CRO Rev 2 
CRO Rev 2 


CRO Rev 2 


ARIA Rev 2 





Table 2-3. Variable Time and Commanded Switch Selector Events (Continued) 
RANGE TIME § TIME FROM BASE 
FUNCTION (SEC) (SEC) REMARKS 
T™M Calibrate On S-1VB 9864 .8 Te +400.3 ARI Rev 2 
™ Calibrate Off S-1Vb 9865 .8 1, +401.3 ARIA Rev 2 
Telemetry Calibrator IU 9869 .6 Tg +405.1 ARIA Rev 2 
Inflight Calibrate Off 
Telemetry Calibrator Iu 10,472.4 T7 +88.3 Acquisition by 
Inflight Calibrate On Hawaii TLI 
T™ Calibrate On S-1VB 10 ,472.8 T7 +88.7 Acquisition by 
Hawaii TLI 
TM Calibrate (ff S-IVB 10,473.8 Ty +89.7 ‘Acquisition by 
- Hawati TLI 
Telemetry Calibrator IU 10 ,477.4 T7 +93.3 Acquisition by 
Inflight Calibrate Off Hawaii TLI 
Burner LOX Shutdown Valve S-1 VB 10,554 .2 Tz +170.1 CCS Command 
Cicse On 
Time Delay S-I VB 10,655 .5 Tz +170.9 CCS Command 
Burner LOX Shutdown S-1Vb 10,555 .9 T7 +171.7 CCS Command 
Valve Close Off 
Water Coolant Valve Open IU 14,5280 .6 T7 +4196.4 LVDC Function 
Water Coolant Valve Closed iv 14 ,880 .9 T7 +4495.8 LVDC Function 
ater Coolant Valve Open IU 17 ,282.5 Tg +1282.2 LVDC Function 
water Coolant Valve Closed I! 17,580 .6 Tg +1580.3 LVDC Function 
Aater Coolant Valve Closed Iu i9,680.1 Tg +3679.9 LVCC Function 
| S-IVB Ullage Engine No. 1 On S-1 VB 19.753.2 Tg +3753.0 CCS Command 
S-IVB Ullage Engine No. ! Off S-1V8 20 ,623.2 Tg +4023.0 CCS Command 
S-I1VB Ullage Engine No. 2 Off S-1VB 20,026.9 Tg +4026.7 CCS Command 
CCS Coax Switch Fail-Safe tu | 21,157.0 Tg +5156.8 CCS Command 
and High Gain Antenna 
Water Coolant Valve Open TU 23,180 .6 Tg +5180.4 LVNC Function 
Water Coolant Valve Open [uU 25 ,080 .1 Tg +9079.9 LVDC Function 
Water Coolant Vaive Closed IU 25,350.7 Tg +9380.4 LVDC Function 
Water Coolant Valve Closed IV 27,180.7 Tg +11,180.4 LVOC Function 
Water Coclant Valve Open IV 29 ,980.7 Tg +12 ,980.4 LVDC Function 
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SECTION 3 
LAUNCH OPERATIONS 


3.1 SUMMARY 


The ground systems supporting the AS-507/Apollo 12 countdown and launch 
performed well. Several systems experienced component failures and 
malfunctions that required corrective actions, but all repairs were 
accomplished.in time to maintain the launch schedule. A leak developed 
in a Command and Service Module (CSM) LHe tank during cryogenic loading, 
and the tank was repraced. An unscheduled hold of 6 hours was initiated 
at -!7 hours to permit retanking cryogenics in the CSM. However, this 
delay time was recovered during the scheduled hold at -9 hours. Launch 
vehicle propellant loading was accomplished satisfactorily. Launch 
occurred at 11:22:00 Eastern Standard Time (EST), November 14, 1969, from 
Pac’ 39A of the Saturn Complex. Damage to the launch pad, Mobile Launcher 
(ML), and support equipment was minor. 


3.2 PRELAUNCH MILESTONES 


A chronological summary of events and preparations leading to the launch 
of AS-507/Apollo 12 is contained in Tabte 3-1. 


3.3 COUNTDOWN EVENTS 


The AS-507/Anollo 12 countdown started with spacecraft preparations at 
-98 hours on November 8, 1969, at 19:00:00 EST. The primary portion of 
the launch vehicle preparations was picked up at -28 hours on November 12, 
1969, at 21:00:00 EST. Scheduled hoids in the launch countdown sequence 
were 12 hours duration at -66 hours, 16 hours duration at -48 hours, ° 
hours 22 minutes duration at -9 hours, and 1] hour duration at -3 hours 
30 minutes. During spacecraft preparations on November 12, 1969, a leak 
developed in the CSM LH» tank No. 2 during cryogenic loading. The tank 
was drained and menace? using a tank from Apollo 13. An unscheduled 
hold was initiated at -17 hours (08:00:00 EST, Novenber 13, 1969) for 
retanking cryogenics in tiie CSM. Loading was completed in o hours, and 
the count resumed at 14:00:00 EST. The scheduled hold at -9 hours was 
reduced by 6 hours, thereby averting a launch delay. Launch occurred on 
schedule at 11:22:00 ES7, November 14, 1969, from Pad 39A of the Saturn 
Complex. 


Table 3-1. AS-507/Apollo 12 Prelaunch Milestones 


DATE | ACTIVITY QR EVENT 


March 10, 1969 | S-iVP-7N Stage Arrival 
March 24, 1969 Lunar Module (1M)-6 Arrival 
March 28, 1969 Command and Service Module (CSM)-108 Arrival 
April 21, 1969 S-T1-7 Stage Arrival 
May 3, 1969 S-Iu-7 Stage Arrival 
May 5, 1969 Spacecraft/Lunar Module Adapter (SLA)-15 
Arrival 

May 7, 1969 S-IC Erection 

1 May 8, 1969 Instrument Unit (1U)-7 Arrival 
May 21, 1969 S-I1I Erection 
May 22, 1969 S-1VB and IU Erections 
June 7, 1969 CSM Altitude Test With Prime Crew 

i June 10, 1969 CSM Altitude Test With Backup Crew 
dune 12, 1969 Launch Vehicle (LV) Propellant Dispersion/ 

Malfuncticn Overall! Test (OAT) 

June 12, 1969 LM Altitude Test With Backup Crew 
June 16, 1969 LM Altitude Test With Prime Crew 
June 22, 1969 LM Landing Gear Installed 
June 23, 1909 iM/SLA Mate 
vune 27, 1969 CSM/SLA Mate 
July 1, 1969 Spacecraft (SC) Erection 
August 17, 1969 Space Vehicle (SV) Electrical Mate 
August 21, 1969 SV OAT No. 1 (Plugs In) 


September 8, 1969 SV Transfer to Pad A 
september 10, 1969 Mobile Service Structure (MSS) Transfer 


to Pad A 
September 30, 1969 SV Flight Readiness Test (FRT) Completed 
October 20, 1969 RP-1 Loading Completed 
October 28, 1969 Countdown Demonstration Test (CDDT! 
Completed (Wet) 
October 29, 1969 CDDT (Dry) Completed 
November &, 1969 SV Launch Countdown Started 


November 14, 1969 SV Launch On Schedule 
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3.4 PROPELLANT LOADING 
3.4.1] RP-i Loading 


The RP-1 system supported the launch countdown satisfactorily, and there 
were no major probleme The fill line cutoff valve in the Tail Service 
Mast (iSM) opened after liftoff and resulted ir contamination of the RP-] 
piping in the ML. Opening of the fill line cutoff valve indicates a loss 
of valve GNo control pressure. This incident has occurred on previous 
launches. The caus of the pressure loss is being investigated. 


3.4.2 LOX Loading 


The LOX system successfully supported the launch countdown. LOX loading 
tas completed and all stage LOX replenish operations started at about 

-5 hours 24 minutes. During the LOX replenish operations at about -1 hour 
22 minutes, tie repl.nish pump magnetic clutch seized. Pump speed surged 
to motor speed (2600 RPM), and the LOX bypass conirol valve was driven 
full open. There was no evidence of system overpressure, and the relief 
valves did not cpen. The system was reverted and the backup pump chilled 
down. Repleraish operations were restored at about -55 minutes without a 
hold or countdown delay. 


In response to the LOX pump clutch failure, a manual] clutch disengage 
command was issued from the firing roon to remove current from the clutch 
fielc winding. The command was not received; however, the same command 
issued automatically as a part of the revert sequence was received. The 
problem was subsequently traced to a faiied relay driver in the Pad A 
Data Transmission System (DTS). 


3.4.3 LHe Loading 


The LH» system supported the launch countdown satisfactorily. Vehicle 
LH> loeding was completed and replenishment initiated at about -3 hours 


rn 


50 minutes. 

During vehicle LHo tank purge operations on November 7, 1969, the position 
Switches on two LHo system valves (S-IVB auxiliary fill valve and storage 
area transfer line valve) became inoperative and were replaced. The 


position switch on the transfer line valve failed again and required 
replacement the day prior to launch. 


3.4.4 Auxiliary Propulsion Systen Propeliant Loading 


Propellant loading of tle S-IVB Auxiliary Propulsion Systen (APS) was 
accomplished sxtisfactorily. Total propellant mass in both modules at 
liftoff was 405 Ibm of Nitrogen Tetroxide (N20q) and 252 ibm of Monomethy] 
Hydrazine (MMH). 


3.5 S-II INSULATION, PURGE AND LEAK DETECTION 


The perfornance of the S-II] stage insulation was satisfactory. Al] 
performance parameters remained within acceptable levels, and no redline 
limits were exceeded throughout launch preparations. No excessive hazardous 
gas concentrations were encountered. Operational television was used to 
inspect the insulation at various times during the countdown, and no 
Significant helium leakage was detected. The total heat leak through the 
insulation to the LHo was well beiow specification limits. 


At about -66 hours, an area of debonded insulative cork was discovered 

and repaired. Three relatively small bubbies in the sidewall insulation 
were observed on operational television prior to LOX loading. All were 
considered acceptable for flight. No subsequent changes in the insulation 
hubbles were observed. 


The S-II-7 stage was the last stage to have helium purged insulation. The 
purge system was used in conjunction with the leak detection system for 
detecting hazardous gas concentrations within the insulation while diluting 
or removing the leaking gases. 


3.6 GROUND SUPPORT EQUIPMENT (GSE) 
3.6.1 Grournd/Vehicle Interface 


Performance of the ground service systems supporting all stages of the 
launch vehicle was satisfactory. Extension cf the primary damper arm was 
interrupted at about -9 hours 30 minutes because of interference between 
the damping cylinder rod and the Q-ball cover retract cable. A strong 
southwest wind of 20 to 30 knots had blown the cable against the damper 
arm, and cover removal might have resulted if extension operations had 
been continued. A similar condition existed during damper arm retraction 
Scheduled at -3 hours 38 minutes. In both instances, the cable sheath 
attached to the ML hammerhead crane had to be disassembled to cbtain 
Sufficient cable slack to allow free rm movement; however, this was 
accomplished with no countdown delays. The Q-ball retraction system 
functioned satisfactorily later. 


The Holddown Arms (HDA) and inflight umbilical disconnects functioned 
within design limits at vehicle liftoff. The HDA's were released at 
0.25 second (all released within an 8 millisecond period). The TSM 
retractions were normal. Service Arm (SA) total retract times to safe 
angles were within specifications. 


Postlaunch inspection revealed that overall damage to the launch site 

(Pad A}, ML, and support equipment from the blast and flame impingement 
was minor. A quench valve on SA No. 2 (Industrial Water System) failed to 
open after liftoff. There was no apparent damage to the arm as a result. 
The lack of damage was due primarily to favorable wind conditions and 
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Spillover from quench valves above. A detailed discussion of the GSE will 
be contained in the Kennedy Space Center Apollo/Saturn V (AS-507) Ground 
Systems Evaluation Report. 


3.6.2 MSFC Furnished Ground Support Equipment 


Performance of the mechanical and electrical equipment supporting the 
launch operations was satisfactory. The Environmental Control] System 

(ECS) was operated with the Instrument Unit (IU) temperature control 

system disabled (per MSFC direction); therefore, the water/methanol 
temperature was controlled by the Ground Support Cooling Units (GSCU). 
Blast damage to the equipment was normal. Minor GSE deviations encountered 
during countdown were as follows: 


a. 


At approximately -16 hours 15 minutes, the S-IVB gas heat exchanger 
high-level sensor cycled randomly with no simulation applied (also 
cycled earlier in the countdown). The discrete was masked during 

LHo loading with filling of the heat exchanger controlled by manual 
override. At approximately -3 hours 40 minutes, the low-level sensor 
failed to drop out; the LHo fill valve was operated manually in response 
to gas outlet temperature changes. 


Excessive noise was noticed in the ML power supply to the IU at about 
-15 hours. The system was transferred to the redundant power supp'y 
while the original power supply was replaced with a spare. Subsequent 
troubleshooting revealed the source cf the noise to be a vibrating 
sheet metal side panel on the power supply mechanical assembly. The 
panel was repaired, and the original power supply retained on the ML 
through launch for use as a Spare. 


The rate gyro digital ramp generator No. 1 (ramp No. 2), which drives 
the Flight Control/EDS Rate Gyros, failed hardover at approximately 
-6 hours 51 minutes. As a result, all command gyros were driven 
momentarily to maximum precession. This condition suggested a 
malfunction of the driver amplifier in the ramp generator panel. The 
problem was corrected by procuring a previously calibrated driver 
amplifier from ML 3 for use in ML 2. 


3.6.3 Camera Coverage 


Upon review of the film coverage, the following conditions were observed: 


The S-II stage forward umbilical cover did not secure upon SA with- 
drawal from the vehicle. This condition also occurred during the 
AS-506 launch. 


The lightning discharge (2 bolts) that occurred at 36.5 seconds was 
observed on films from three cameras. One of thes® cameras was 
located on the ML access elevator; the other two were located about 
1300 feet from the vehicle (launch pad sites No. 4 and No. 5). 
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SECTION 4 
TRAJECTORY 


4.1 SUMMARY 


The trajectory parameters from launch tc translunar injection were close to 
nominal. The vehicle was launched on an azimuth 90 deqrees east of north. 
A roll maneuver was initiated at 12.8 seconds that placed the vehicle on 

a flight azimuth of 72.029 degrees east of north. 


The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 10.4 m/s 
(34.1 ft/s) less than nominal. The space-fixed velocity at S-II OECO was 
17.3 m/s (56.8 ft/s} less than nominal. The space-fixed veiocity at S-IVB 
first guidance cutoff was 0.6 m/s (1.9 ft/s) Jess than nominal. The alti- 
tude at S-IVB first guidance cutoff was 0.5 kilometer (0.2 n mi) lower than 
nominal and the surface range was 18.1 kilometers (9.8 n mi) greater than 
nominal. 


The space-fixed veiocity at parking orbit insertion was 0.5 m/s (1.7 ft/s) 
less than nomina! and the flight path angle was 0.914 degree less than 
nominal. The eccentricity was 0.00032 greater than nominal. The apogee 
was 0.2 kilometer (0.1 n mi) greater than nominal and the perigee was 4.0 
kilometers (2.2 n mi) less than nominal. 


The parameters at translunar injection were also close to nominal. The 
eccentricity was 0.00100 less than nominal, the inclination was 0.019 
degre® greater than nominal, the node was 0.033 degree lower than nominal, 
and C3 was 60,828 m@/s@ (654,747 ft2/s2) less than nominal. The space- 
fixed velocity was 1.6 m/s (5.2 ft/s) less than nominal and the altitude 
was 1.6 kilometers (0.9 n mi) less than nominal. 


Foliowing Lunar Module (LM) ejection, the vehicle was maneuvered to an 
inertially fixed attitude as required for the evasive maneuver. The 
evasive maneuver was accomplished by an Auxiliary Propulsion System (APS) 
ullage burn, after which the vehicle was oriented to a slingshot attitude 
fixed relative to local horizontal. The slingshot maneuver velocity change 
was accomplished by a LOX dump, APS u:lage burns, and LH? vent. The 
S-IVB/1U closest approach of 5707 kilometers (3082 n mi) above the lunar 
Surface did not provide sufficient energ, to escape the earth-moon system. 
The failure to achieve slingshot was due to the application of an exces- 
Sively long ullage enaine burn which was calculated using the telemetered 
State vector rather than the vector obteinec from tracking. Although the 
slingshot mareuver was not achteved, the fundamental objectives of not 
impacting the spacecraft, the earth or the moon were achieved. 


4-] 


The actual impact locations for the spent s-IC and S-II stages were 
determined by a theoretical free-flight simulation. The surface range 
for the S-IC impact point was 1.2 kilometers (0.6 n mi) greater than 
nominal. The surface range for the S-II impact point was 26.7 kilometers 
(14.4 n mi) less than nominal. 


4.2 TRACKING DATA UTILIZATION 
4.2.1 Tracking During the Ascent Phase of Flight 


Tracking data were used from five different C-Band tracking stations 
during the period from the time of first motion through parking orbit 
insertion. 


The best estimate trajectory was established by using telemetered guidance 
velocities as generating parameters to fit the tracking data. Approxi- 
mately 15 percent of the tracking data was eliminated due to inconsist- 
encies. A comparison of the reconstructed ascent trajectory with the 
remaining tracking data yielded good agreement. The launch phase portion 
of the trajectory (liftoff to approximately 20 seconds) was established 

by constraining integrated telemetered guidance accelerometer data to the 
early phase of the best estimate trajectory. 


4.2.2 Tracking During the Parting Orsit Phase of Flight 


Orbital tracking was conducted by the NASA Manned Space Flight Network 
(MSFN). Three C-Band radar stations furnished five data passes for use in 
determining the parking orbit trajectory. There were also two passes of 
S-Band tracking data available which were not used due to the adequate 
coverage provided by the C-Band radar data. 


The parking orbit trajectory was obtained by integrating corrected inser- 
tion conditions forward to the S-IVB seccnd burn restart preparation event. 
The insertion conditions, as determined by the Orbital Correction Program 
(OCP), were obtained by a differential correction procedure which adjusted 
the estimated insertion conditions to fit the C-Band radar tracking data 
in accordance with the weights assigned to the data. The venting model 
utilized to fit the tracking data was derived from telemetered guidance 
velocity data from the ST-124M-3 guidance platform. 


4.2.3 Tracking During the Injection Phase of Flight 


C-Band radar data were obtained from Hawaii during the latter portion of 
the injection phase of flight. 


The injection trajectory was established by utilizing telemetered guidance 
velocities as generating parameters to fit the Hawaii tracking data. These 
data were fit through a guidance error model, initialized from the S-IVB 
restart vector obtained from the orbital solution, and constrained to the 
Translunar Injection (TLI) vector obtained from the post TLI trajectory. 
Comparison of the injection trajectory with the tracking data yielded good 
agreement. 
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4.2.4 Tracking During the Post Injection Phase of Flight 


Tracking data from three C-Band radar stations furnished data for use in 
determining the post TLI trajectory. The available S~Band tracking data 
were not used due to the availability of the C-Band radar data during the 
Same time periods. 


The post TLI trajectory was obtained by integrating corrected injection 
conditions forward to S-I'%3/CSM separation. The corrected injection 
conditions were determined by the same method outlined in paragraph 4.2.2. 


4.3 TRAJECTORY EVALUATION 
4.3.1 ascent Trajectory 


Actual and nominal altitude, surface range, and cross range for the ascent 
phase are presented in Figure 4-1. Actual and nominal space-fixed velocity 
and flight path angle during ascent are shown in Figure 4-2. Comparisons 
of total inertial accelerations are shown in Figure 4-3. The maximum 
accelersztion during S-IC burn was 3.91 g. 


Mach number and dynamic pressure are shown in Figure 4-4. These parameters 
were calculated using meteorological data measured to an altitude of 54.8 
kilometers (29.6 nmi). Above this altitude the measured data were merged 
into the U. S. Standard Reference Atmosphere. 
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Figure 4-1. Ascent Trajectory Position Comparison 
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Figure 4-2. Ascent Trajectory Space-Fixed Velocity and 
Flight Path Angle Comparisons 
Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-1, 4-2, 
and 4-3, respectively. 


The free-flight trajectories of the spent S-IC and S-II stages were simu- 
lated using initial conditions from the final postflight trajectory. The 
simulation was based upsn the separation impulses for both stages and 
nominal tumbling drag coefficients. No tracking data were available for 
verification. Tarle 4-1 presents a comparison of free-flight parameters 
to nominal at apex for the S-IC and S-II stages. Table 4-4 presents a 
comparison of free-flight parameters to nominal at impact for the S-IC 
and S-Ii stages. 
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Figure 4-3. Ascent Trajectory Acceleration Comparison 


4.3.2 Parking Orbit Trajectory 


The actual and nominal parking orbit insertion parameters are presented in 
Table 4-5. The ground track from insertion to S-IVB/CSM separation is 
given in Figure 4-5. 


4.3.3 Injection .rajectory 


Comparisons between the actual and nominal space-fixed velocity and flight 
path angle are shown in Figure 4-6. The actual and nominal total inerticl 
acceleration comparisons are presented in Figure 4-7. Throuchout the S-1Vc 
second burn pnase cf flight, the space-fixed velocity was ciose to nominal 
with deviations more noticeable towards the end of the time period. The 
trejectory and targeting parameters at S-1VB second guidance cutoff are 
precented in Table 4-2. 


4.3.4 Post TLI Trajectory 
The actual transTucar injection conditions are compared with nominal in 


Table 4-6. A comparison of the actual and nominal S-1VB/CSM separation 
conditions is presented in Table 4-3. 
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4.3.5 S-IVB/IU Post Separation Trajectory 


A time history of the actual and nominal (real-time predicted) velocity 
increase along the vehicle longitudinal axis for the evasive and the 
slingshot maneuvers is presented in Figure 4-8. Table 4-7 presents a 
comparison of the actual and nominal velocity increase due to the various 
phases of both maneuvers. 


The S-Iv3/IU closest approach altitude of 5767 kilometers (3082 n mi) above 
the lunar surface occurred 85.8 hours into the mission. The actual and 
nominal (real-time predicted) conditions at the closest approach to the 
moon are presented in Table 4-8. Actual trajectory parameters were 
determinea by integrating a state vector computed by the Manned Spacecraft 
Center (MSC) from Unified S-Band (USB) tracking data obtained during the 
active lifetime of tae S-IVB/IU. Figure 4-9 illustrates the effect of the 
moon as the S-IVB/IU passes through the lunar sphere of influence. 
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Table 4-1. Comparison of Significant Trajectory Events 
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Table 4-2. Comparison of Cutoff Events 
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Table 4-3, 


Comparison of Separation Events 
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Table 4-4. Stage Impact Location 
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Longitude, deq = 


The actual longitudinal velocity change during the slingshot maneuver was 
very close to nominal; however, the LVDC state vector used to target the 
S-IVB/IU in real time did not reflect an existing underspeed condition at 
TLI. This underspeed condition coupled with the slingshot maneuver caused 
the S-IVB/IU lunar radius of closest approach, 7445 kilometers (4020 n mi) 
to be greater than the maximum allowable radius for escape from the earth- 
moon system, namely, 5100 kilometers (2754 n mi) for AS-507 mission. 


Table 4-9 presents the contributing factors which initiated the real time 
calculation of the additional APS burn. These factors were available in 
real time at Marshall Space Flight Center (MSFC). The resulting 11.2 m/s 
(36.75 ft/s) velocity change corresponds to an additional 270-second APS 
burn. Table 4-10 presents the corresponding contributors of the velocity 
change used to calculate the additional APS burn based on a post TLI track- 
ing vector. This vector was not available in real time. The resulting 
velocity change of -1.8 m/s (-5.91 ft/s) represents approximately 45 
seconds of APS burn duration. Therefore, the programed 300-second APS 
burn could have been shortened to 255 seconds to target to the center of 
the slingshot window. MSC was aware of the d°sagreement between the LVDC 
and tracking state vectors at TLI but did not relay the information to 
MSFC for real time processing. MSC was not aware that the existing IU 
vector error would significantly affect the slingshot targeting. 


4-10 


dey 


cATIFube, 


Table 4-5, 


Parking vrbdit Insertion Conditions 


PARAMETER ACTUAL NOMINAL 
Range Time, <ec 703.91 699.86 — 4.05 
Altitude, km 199.9 191.4 -6.5 
(n mi) (Ad) (103.3) (-9.2) 
Space-Fixed Velocity, m/s 7,792.5 7,793.N -,5 
(ft/s) fC 25.565.9) (25,567.6) (-1.7) 
Fliaht ath Anqle, deq -9.014 o.Ann ~-0.918 
Headirg Angle, deq RP. SRH RR. 456 9.124 
Inclination, deq 32.540 32.585 -0.005 
Nescending Noide, deq 123.126 1°3.146 -7.N290 
Ficentricity n.n0032 n.onnn0 9.00032 
Apaqee® , km 185.4. 18®.2 0.2 
(n mi) (1009.1) (190.0) (0.7) 
Periqees,. tia 11.2 185.2 a i: 
{n mi) (97.R) (100.1) {-2.2) 
Period, min RRL16 RAR 29 -0.u4 
GHeadectic Latitude, deq N 32 .#82 37.481 0.001 
tonnitude, deq E ~-53.131 -53.323 0.192 


* Rased an a spherical earth of radius §,378.165 km 


(3.443.974 an mi). 


(1) FIRST REVOLUTION 
2) SECOND REVOLUTION 
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Figure 4-5. Ground Track 


Table 4-6. Translunar Injection Conditions 


PARAMETER ACTUAL NOMINAL 


Range Time, sec 2 10,393.94 | 10,395.91 





ACi-NOM 






-1.07 
























Altitude, km 368.6 | | 370.2 -1.6 
. (n mi) (199.0) (199.9) (-0.9) 
Space-Fixed Velocitv, m/s 10,786.8 10,786.4 ~1.6 
(ft/s) (35,389.8) (35,395.0) (-5.2) 
Flight Path Angle, dea 8.584 8.603 -0.019 
| Heading Angle, deq 63.902 63.880 0.022 
Inclination, deg 30.355 | 30.336 0.019 
Descending hode, deq 120.338 120.371 -0.033 
Eccentricity | 0.96966 0.97066 -0.00100 
1,834,425 -1,773,597 |  -60,828 


(-19,745,586) | (-19,090,839) (-654,747) 





NOTE: Times used are vehicle times. 


Table 4-7. Comparison of Slingshot Maneuver Velocity Increment 


PARAMETER ACTUAL Nowa — ACT-NCM - 


Longitudinal Velocity 


Increase, m/S§ | 38.2 38.1 | —6«8T 
(ft/s) (125.3) (325.0) (0.3) 

APS Evas‘ve Maneuver, m/s 2.9 3.0 -0.1 
(ft/s) (9.5) (9.8). | (-0.3) 

Continuous Vent Systemn*, m/s 2.8 oS 1.3 
- (ft/s) (9.2) (4.9) (4.3) 

LOX Dump, m/s | 10.0 9.7 0.3 
(ft/s) (32.8) (31.8) (1.0) 
Programmed APS Burn, m/s 11.8 12.7 | -0.9 
(300 seconds) (ft/s) (38.7) (41.7) (-3.6) 
Ground Commanded APS 8urn,a/s 10.7 11.2 | -0.5 
(270 seconds) (ft/s) } (35.1) (36.7) | (-1.6) 


* Latched oren at Tp, + $80 seconds. 
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_ Figure 4-7. Injection Phase Acceleration Comparison 


Table 4-8. Comparison of Lunar Clusest Approach Parameters 


. PARAMETER ACTUAL NOMINAL 


Setenocentric Distance, km 7,445 
(n mi) | (4,020) 






 ACT~NOM 





Altitude Above Luar 


Surface, kn | 5,767 
(n mii (3,082) 
Range Time, ‘or. 85.8 


Velocity Increase Relative 
to Eartn from Lunar 
Fncounter, m/s 548 © 
(n mi/s) (9.296) 


~302 
(-0.163) 
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Figure 4-8. Slingshot Maneuver Longitudinal Velocity Change 
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Table 4-9. Velocity Change Due to APS Burn Based on 
TLI IU Vector Available in Real Time 


APS VELOCITY CHANGE 
CONTRIBUTING FACTORS M/S (FT/S) 


IU Vector at TLI (indicated 1.0 (3.28) 
a Slight overspeed) 

Post TLI CVS (known preflight) | 1.4 (4.59) 
Tg Initiate (slight delay from 0.3 (0.98) 
preflight estimation (115 seconds) 

LOX Ullage Pressure (lower than 2.5 (8.20) 
preflight nominal approximately 

4.5 psia) 

Updated Tg CVS Prediction 5.5 (18.04) 
(known preflight) | 

Delay in Cormanded APS Burn 0.5 (1.64) 


(approximately 600 seconds) 


TOTAL W.2 (36.75) 





Table 4-10. Velocity Change Due to APS Burn Based on 
Post TLI Tracking Vector Not Available in Real Time 


CONTRIBUTING FACTORS APS VELOCITY CHANGE 


Tracking Vector Immediate ly 
After TLI (indicated 
cignificant underspeed) 

Post TLI CVS (known preflight) 


Tg Initiate (slight delay from 

preflight estimation (115 seconds) 
- LOX Ullage Pressure (lower than 

preflight nominal apprcximate ly 

4.5 psia) 

Updated Tp CVS Prediction 

(known preflight) 

Delay in Commanded APS Burm 
(approximately 600 seconds) 















-1.8  (-5.913 





TOTAL 
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SECTION 5 
S-IC PROPULSION 


5.1 SUMMARY 


All S-IC propulsion systems performed satisfactorily and the propulsion 
performance level was very close to the predicted level. Stage site 
thrust (averaged from liftoff to Outboard Engine Cutoff oeCcoy) was 0.55 
percent higher than predicted. Totai propellant consumption rate was 
0.26 percent higher than predicted with the total consumed Mixture Ratio 
(MR) 0.34 percent higher than predicted. Specific impulse was 0.20 pei- 
cent higher than predicted. Total propellant consumption from Holddown 
Arm (HDA) release to OECO was low by 0.05 percent. The planned 1-2-2 
start sequence was not attained, but caused no problems. 


Center Engine Cutoff (CECO) was initiated by the Instrument Unit (1U) at 
135.24 seconds as planned. Outboard engine cutoff, initiated by LOX low 
level sensors, occurred at 161.74 seconds which was 0.74 second earlier 
than predicted. This is a small difference compared to the predicted 
3-sigma limits of +5.28, -3.67 seconds. The LOX residual at OECO was 
42,093 1bm compared to the predicted 39,449 Ibm. The fuel residual at 
OECO was 36,309 Ibm compared to the predicted 31,965 Ibm. 


5.2 S-IC IGNITION TRANSIENT Fe RFORMANCE 


The fuel pump inlet preignition pressure was 45.2 psia and within F-1 
Engine Model Specification limits of 43.5 to 110 psia. 


The LOX pump inlet preignition pressure and temperature were 81.9 psia 
and -287.7°F and were within the F-1 Engine Model Specification limits as 
shown in Figure 5-1. 


The planned 1-2-2 start was not attained as seen in Figure 5-2. Engine 
position starting order was 5, 1-3, 2 and 4. Two engines are considered 
to start together if their combustion chamber pressures reach 100 psig in 
a 10C-millisecond time period. Engine No. 4 reached 100 psig chamber 
pressure 0.207 second slower than predicted and 0.202 second later than 
engine No. 2, resulting in a 1-2-1-1 start. Structurally, a 1-2-2 start 
is desired for minimizing the start and (iftoff dynamics caused by thrust 
buildup of the engines. The dynamic effects of other start sequences on 
the Saturn V structur2z are not fully known at this time. The 1I-2-1-1 
start caused no problems, although it shou:id be noted that AS-507 liftotf 
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Figure 5-1. S-IC LOX Start Box Requirements 


dynamics were somewhat higher than those on previous flights but were wel] 
within design limits (see paragraphs 9.2.1 and 9.2.2). By definition, a 
1-2-2 start occurs where tre desired engine thrust buildup sequence is as 
follows: The center 2ngine is to achieve 90,000 Ibf thrust (100 psig 
chamber pressure) a -2.960 seconds, the first pair of outboard engines 
at -2.660 seconds, and the second pair of outboard engines at -2.360 
seconds. Fach F-1 engine has distinctive starting characceristics re- 
quiring individually programed start signals in order to minimize the 
dispersions in achieving tne 90,000 Ibf thrust level at the desired time. 
Determination of start signal presettings is one objective of static 
firing the S-IC stage. With start signal presettings established by 
Stage static firing of a particular stage there is a large probability 
that a 1-2-2 start will be achieved during ignition of this stage at 
launch. This large probedility “11 not exist when static firing of the 
S-IC stages is terminated on the “foi low-on" stages (S-IC-16 and subse- 
quent stages). 


The best estimate of propellants consumed between ignition and HDA release 
was 84,635 lbm. The predicted consumption was 85,3604 ‘bm. Prope: lant 
loads at HDA release were 3,241,657 Ibm for LOX and 1,408,194 Ibm for 
fuel. 
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Figure 5-2. S-IC Engine Buildup Transients 
5.3 S-IC MAINSTAGE PERFORMANCE 


S-IC stage propulsion performance was very close to the predicted level 
as can be seen in Figure 5-3. The stage site thrust {averaged from range 
time zero to OECO) was 0.55 percent higher than predicted. 


Total propellant consumption rate was 0.26 percent higher tnan predicted 
and the total consumed propellant MR was 0.34 percent higher than pre- 
dicted. The specific impulse was 0.20 percent higher than predicted. 
Total propellant consumption from HDA release to OECO was iow by 0.05 
percent. 


For comparing F-I engine flight performance with predicted performance, 

the flight performance has been analytically reduced to standard conditions 
and compared to the predicted performance which is based on ground firings 
and also reduced to standard conditions. These values are shown in 

Table 5-1 at the 35 to 38-second time slice. individual engine deviations 
from predicted thrust ranged from 0.(66 percent lower (engine No. 4) to 
0.668 percent tiigher (engine No. 3). Individual engine deviations from 
specific impulse ranged from 0.038 percent lower (engine No. 4) to 0.1173 
percent higher (engine No. 3). 
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Table 5-1. S-IC Individual Engine Performance 


AVERAGE 
PARAMETER ENGINE | PREDICTED | RECONSTRUCTION | DEVIATION | nevrarroy 
ANALYSIS percent | Deviario 


Thrust, ] 
103 lbf 2 

3 

4 

5 

Specific Impulse, 7 
lof-s/ ibm 2 

3 

4 

5 

Total Flowrate 1 
lbm/s 2 

3 

4 

5 

Mixture atio 1 
LOX/Fuel 2 

3 

4 

5 





NOTE: Performance leve!s were reduced to standard sea level and pump iniet 
conditions. Data was taken from the 35 to 38-second time slice. 


5.4 S-IC ENGINE SHUTDOWN TRANSICNT PERFORMANCE 


Center engine cutoff was initiated by a signal from the IU at 135.24 
seconds as planned. Outboara engine cutoff, initiated by LOX low level 
sensors, occurred at 161.74 seconds which was 0.74 second earlier than 
predicted which is a small difference compared to the predicted 3-sigma 
limits of +5.28, -3.67 seconds. 


Thrust decay of the F-1 engines was nominal. 


Engine cutoff impulse was approximately 2.8 percent higher than predicted 
for the outboard engines and approximately 6.7 percent lower than pre- 
dicted for the center engine. 


9.9 S-IC STAGE PROPELLANT MANAGEMENT 


The S-IC does not have an active Propellant Utilization (PU) system. 
Minimum residuals are obtained by attempting to load the MR expected to be 
consumed by the engines plus the predicted unusable residuals. An analysis 
of the usable residuals experienced during a flight is a good measure of 
the performance of the passive PU system. 
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Outboard engine cutoff was initiated by tre LOX low level sensors as 
planned, and resulted in residual propellants being very close to the 
predicted values. The residual LOX at OECO was 42,093 Ibm compared to 
the predicted value o: 39,449 Ibm. The fuel residual at CECO was 

36,309 Ibm compared to the predicted value of 31,965 Ibm. A summary of 
the propellants remaining at major event times is presented in Table 5-2. 


5.6 S-IC PRESSURIZATION SYSTEMS 
5.60.1 S-IC Fuel Pressurization System 


The fuel tank pressurization system performed satisfactorily keeping 
ullage pressure within the acceptable limits during flight. Helium 
Flow Control Valves (HFCV‘'s) No. 1 through 4 opened as planned and HFCV 
No. 5 was not required. 


The low flow prepressurization system was commanded on at -97 seconds. 
High flow pressurization, accomplished by the onboard pressurization 
System, performed as expected. Helium flow control valve No. 1 was 
commanued on at -2.7 seconds and was supplemented by the high flow 
prepressurization system until umbilical disconnect. 


Fuel tank ullage pressure was within the predicted limits throughout 
flight as shown in Figure 5-4. Helium flow control valves No. 2, 3, and 
4 were commanded open during flight by the switch selector within accept- 
able limits. Helium bottle pressure was 3050 psia at -2.8 seconds and 
decayed to 490 psia at OECO. Total helium flowrate and heat exchanger 
performance were as expected. 


Fuel pump inlet pressure was maintained above the required minimum Net 
Positive Suction Pressure (NPSP) during flight. 


5.6.2 S-IC LOX Pressurization System 


The LOX pressurization system performed satisfactorily and al] performance 
requirements were met. the ground prepressurization system maintained 
ullage pressure within acceptable limits unti] launch commit. The 

onboard pressurization system subsequently maintained ullage pressure 
within the GOX Flow Control Valve (GFCV) band during flight. 


The prepressurization system was initiated at -72 seconds. Ullage pressure 
increased to the pressurization switch band and flow was terminated at 

-57 seconds. The low-flow system was cycled on two additional times at 

-40 and -16 seconds. At -4.7 seconds the high-flow system was commanded 
on and maintained uilage pressure within acceptable limits until launch 
commit. 
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Table 5-2. S-IC Stage Propellant Mass History 


PREDICTED,LBM ge Rar RECONSTRUCTED, LBM 





; l 

Ignition 3,308,605 |1,428,857 | : 1,424,287 [3,310,199 | 1,424,287 
Command 

Holddown 3,241,829 |1,410,269 {3,235,033 [1,403,862 [3,281,657 | 3,408,194 
Arm @elease 

CECO 486 ,229 | 223,423 | 478,735 | 222,485 | 477,935 222,14) 
NECO 39,449 | 31,965 41,683 36,048 42,093 36,309 
separation 38,908 | 29,585 : —_ 37 552 33,929 

{ 
Jers Thrust / 33,123 | 29 226 : : 36,242 33,142 


NOTE: Predicted and reconstructed values do not include pressurization gas so they will 


cempare with level sensor data. 
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Figure 5-4. S-IC Fuel Ullage Pressure 
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FUEL TANK ULLAGE PRESSURE, psia 


The LOX tank ullage pressure during flight, shown in Figure 5-5, was 
maintained within the required limits throughout flight by the GFCV. 
The maximum GOX flowrate to the tank (at CECO) was 54.7 lbm/s. The 
heat exchangers performed as expected. 


The LOX pump inlet pressure met the minimum NPSP requirement throughout 
flight. The engine No. 5 LOX suction duct pressure decayed after CECO 
Similar to previous flights. Analysis has indicated that this pressure 
drop can be attributed to leakage through the F-1 engine LOX pump primary 
seal and is a normal occurrence. Therefore, the pressure drop will be 
expected as a normal occurrence on future flights. 


9.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM 


The control pressure system functioned satisfactorily throughout the 
S-IC flight. 


Sphere pressure was 3017 psia at liftoff and remained steady until CECO 
when it decreased to 2900 osia. The decrease was due to actuation of 
the center engine prevalves. There was a further decrease to 2544 psia 
after OECO. The engine prevalves were closed after engine cutceff as 
required. 


5.8 S-IC PURGE SYSTEMS 
Performance of the S-IC purge systems was satisfactory during the flight. 
The turbopump LOX seal purge storage sphere pressure was within the limits 


of 2760 to 3300 psia until ignition and 3300 to 1000 psia from liftoff to 
cutoff. 


ef ttt tt EP 
Tana cheticwede 1 =} 





20 






PREDICTED MAXIMUM 


NA RGhGe ee | Ene FLIGHT ft | 
LGRSRRERERGee 
Sea ine oes oe 
\ 






LOX TANK ULLAGE PRESSURE, N/cm@ 
LOX TANK ULLAGE PRESSURE, psia 


0 20 ao 60 80 100 120 189 160 
RANGE TIME, SECONDS 


Figure 5-5. S-IC LOX Tank Ullage Piessure 
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5.9 S-IC POGO SUPPRESSION SYSTEM 
The PUGO suppression system performed satisfactcrily during S-IC flight. 


Outboard LOX prevalve temperature measurements indicated that the 
prevalve cavities were filled with helium prior to liftoff as planned. 
The measurements in the outboard prevalves went cold momentarily at 
liftoff indicating LOX sloshed on the probes. They remained warm 
throughout flight, indicatina helium in the prevalves. At cutoff, the 
increased pressure forced LOX into the prevalves once more. The two 
measurements in the center engine prevalve indicated cold, which meant 
LOX was in this valve, as planned. 
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SECTION 6 
S-[1 PROPULSION 


6.1 SUMMARY 


Tne S-I] propulsion system performed satisfactorily throughout the 
flight. The S-II Engine Start Command (£SC), as sensed at the engines, 
occur.,ed at 163.17 seconds. “enter Enaine Cutoff {CECO) occurred as 
planned at 460.75 seconds und Uutboara rasine Cutoff (0ECQO) occurred 

at 552.34 seconds giving ean outboard engitie operation time of 389.17 
seconds or 2.] seconds longer than predicted. Total stage thrust, as 
determined ty computer analysis of telemetered propulsion measurements 
at 61 seconds after S-IJ ESC, was 0.95 percent below predicted. Total 
propellant flowrate (including pressurization flow) was equal to the 
predicted, and stage specific impulse was 0.05 percent below predicted 
at this time slice. Stage propellant Mixture Ratio (MR) was 0.36 nercent 
above predicted. Engine thrust buildup and cutoff transients were 
Satisfactory. 


Leow frequency, ictw amplitude oscillations were observed on all engines 
during S-I] boost prior to CECO. Net engine perfonnance levels were 
not affected. 


The prope!iant management system performance was satisfactory. The 
System used open-loop control of the engine Propellant Utilization (PU) 
valves similar to the AS-506 flight. The Instrument Unit (IU) command 
to shift Engine Mixture Ratio (EMR) from high to low was initiated upon 
attainnent of a preprogramed stage characteristic velocity as sensed by 
the Launch Vehicle Digital Computer {(I1.VDC). The IU EMR shift command 
occurred 2.% seconds later than predicted and was due mainly to over- 
loading of the S-II and the upper stages. 


S-IT QECO, initiated by the LOX low level cutoff sensors, was achieved 
following a planned 1.5-second time delay. A small engine performance 
decay was noted just prior to cutoff similar to AS-506. Residual oro- 
pellant remaining in the tanks at OFCO signal was 6138 Ibm compared to 
the prediction of 5787 Ibm. 
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The performance of the LOX and LH9 tank pressurization systems was satis- 
factory. Uilage pressure in both tanks was more than adequate to meet 
engine inlet propellant requirements throughout mainstage. As commanded 
by the IU, step pressurization occurred at 261.7 seconds for the LOX 

tank and 461.7 seconds for the LHo tank. 


The engine servicing, recirculation, helium injection and valve actuation 
syStens all performed satisfactorily. During the launch countcown check- 
out, the valve actuation system receiver pressure decay rate exceeded the 
maximum allowable limit. This excessive pressure decay was attributed to 
thernal effects. The receiver pressure decay during flight was negligible. 


6.2 S-I1 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 


The prelaunch servicing operations required to condition the engires 
were satisfactorily accomplished. Thrust chamber chill reouirements are 
-200°F maximum at prelaunch commit (-19 seconds) and -150°F maximum at 
engine start. Thrust chamber temperatures were within predicted limits, 
ranging between -294 and -263°F at prelaunch commit and between -235 arid 
-200°F at engine start. Thrust chamber temperature warmup rates during 
S-IC boost agreed closely with those experienced on previous flights. 


Beginning with AS-507, the Ground Support Equipment /GSE) engine start 
tank pressurization regulator setting was increased from 1175 +15 psia 
to 1225 +25 psia, ind the minimum pressure line of the prelaunch redline 
box was lowered approximately 10 psi. These changes were made to reduce 
the possibiiity of low start tank pressures which were experienced on 
AS-506. System performance was entirely s.it .factory. Both temperature 
and pressure conditions of the start tank: were witnin the required 
prelaunch and engine start boxes as shown in Figure 6-1. 


Start tank temperature and pressure increases during S-IC boost were 
nominal and close to /S-506 results except for engine No. 5. Engine No. 5 
start tank pressure remained constant during the final 100 seconds of boost 
although the temperature warmed up approximately 2°F. Other engine start 
tank pressures increased 10 to 25 psia. It is concluded that engine No. 5 
start tank pressure rel 2f valve was relieving during this period, nowever, 
tank pressure at S-I] ESC was sominal at 1310 psia. 


All engine lielium tank pressures were within the prelaunch and engine 
start limits of 2800 to 3450 psia. The helium tank pressures ranged 
between 316C and 323C psia at pretaunch (-19 anal and between 3250 
and 3350 psia at S-I1] ESC. 


The LOX and LH> recirculation systems used to chill the feed ducts, 
turbopumps, and other engine components performed satisfactorily during 
prelaunch and S-IC boost. Engine pump inlet temperatures and pressures 
at engine start were well within the requirements as sown in Figure 6-2. 
The LOX pump discharge temperatures at S-II ESC were 13.9 to 16.4°F 
subcooled, which 1s well below the 3°F subcooling requirement. 
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Figure 6-1. S-II Engine Start Tank Performance 


Prepressurization of the propellant tanks was satisfactorily accomplished. 
Uilage pressures at S-II ESC were 40.2 psia for LOX and 28.5 psia for LHo. 


S-II ESC was received at 163.17 seconds and the Start Tank Discharge Valve 
(STD\') solenoid activation signa? occurred 1.0 second later. The engine 
thrust buildup was satisfactory and within the required thrust buildup 
envelope. Two engines (No. 1 and 3) exhibited a slightly more rapid 
thrust buildup than the other engines, and also a small overshoot of the 
100 percent tirust level at null EMR. This condition was caused by a 
slightly different opening action of the Main Oxidizer Valves (MOV) on 
these engines. The ramp rates were slower during the initial portion of 
the vaive second stage positioning phase, however tiie overall valve 
opening times were not abnormal. Similar engine MOV operating character- 
istics have been infrequently observed on previous flight and stage 
acceptance testing. The stage thrust reached mainstage level at 166.4 
seconds. | 


6.3 S-I! MAINSTAGE PCRFORMANCE 


The propulsion reconstruction analysis showed that stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
and reconstructed performance of thrust, specific impulse, total flowrate, 
and mixture ratio versus time is shown in Figure 6-3. Stage performance 
during the high EMR portion of the flight was very close to predicted. 
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Figure 6-3. 
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At a time slice of ESC +61 seconds, total stage thrust was 1,161,534 lbf 
which is only 557 1lbf or 0.05 percent below the preflight prediction. 
Total propellant flowrate (including pressurization flow) was 2743 lbm/s 
which was identical to the prediction. Stage specific impulse, including 
the effect of pressurant gas flowrate, was 423.¢ lbf-s/lbm which is 

0.05 percent below the predicted level. Stage propellant MR was 0.36 per- 
cent above prediction. 


At ESC +297.58 seconds (460.75 seconds), the center engine was shut down 

as planned. This action reduced total stage thrust by 231,089 Ibf to a 
level of 925,145 Ibf. The shift from high to low EMR operation occurred 
approximately 327 seconds after ESC. The change of EMR resulted in 

further thrust reductiou, and at ESC +340 seconds the total stage thrust 
was 692,787 lbf; thus a decrease in thrust of 232,358 Ibf is indicated 
between high and ‘ow EMR operation. The deviation of actual from predicted 
performance remained small at the lower EMR levels. S-II operation time 
from ESC to OECO was 389.17 seconds. The burn duration was 2.1] seconds 
longer than predicted. 


Individual J-2 engine data, excluding the effects of pressurization flow- 
rate, are presented in Table 6-1 for the ESC +61-second time point. Very 
good correlation between prediction and flight is indicatcd by the small 
deviations. Flight data reconstruction procedures were directed toward 
matching the engine and stage acceptance specific impulse values while 
maintaining the engine flow and pump speed data as a baseline. 


Data presented in Table 6-1] ave actual flight data and have not been 
adjusted to standard J-2 engine conditions. Considering data that have 
been adjusted to standard conditions through use of a computer rf ~ogram, 
very little difference from the results shown in Table 6-1 is observed. 
In comparison to the vehicle acceptance test performance, the adjusted 
data showed engine No. 1 to be 1.1 percent low and engine No. 2 to be 
0.73 percent high in thrust, which agrees closely with performance levels 
achieved during engine acceotance testing. 


A usual complement of minor engine performance shifts were observed during 
analysis of stage flight data. Available flight instrumentation does not 
permit a detailed investigation of the cause for each performance shift, 
however, the more familar ones can be recognized by their characteristic 
effects on basic flight parameters. A summary of identified engine per- 
formance shifts on AS-507 flight is given in Table 6-2. None of these 
shifts are presently considered to be unusual in either magnitude or 
cause. Low frequency oscillations in the 14 to 20 hertz region existed in 
propulsion parameters during four periods of tne S-II burn. This is evi- 
dent in all engine chamber pressures as seen in Figure 6-4. A detailed 
discussion of these oscillations is given in paragraph 9.2.3. | 
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Table 6-1. S-II Engine Performance Deviations (ESC +61 Secands ) 


PARAMETER CNGINE PREDICTED | RECONSTRUCTED 






Thrust, lbf 234 614 231,921 
231,399 233,298 
231 ,642 232,413 
231 ,559 231,113 






c32 ,877 


232 ,789 





Speci fic 
Impulse, 
lb f-s/1bm 


Engine 
Flowrate, 
lbm/s 


Engine 
Mixture Ratio, 
LOX/Fuel 


Ee oe — 





NOTE: Values exclude pressurization flow. 





PERCENT PERCENT 
INDIVIDUAL] AVERAGE 
DEVIATION | DEVIATION 





Table 6-2. S-II Engine Performance Shifts 


TIME OF 
OCCURRENCE 


MAGN TUDE 


ENGINE 








in-run thrust «“ift ESC 128 sec (291 sec) 







Run-to-run thrust shift Throughout operation 
from engine acceptence 


value. 





-1800 lbf In-run thrust shift ESC #114 sec (277 sec) 


+1800 lbf In-run thrust shift ESC #337 sec (500 sec) 


Between €SC #60 and ESC 
#105 sec (2235 and 768 
sec) 


S -1700 Ibf In-run thrust decay and 
recovery 






-1700 lof In-run thrust shift ESC #194 sec (357 sec) 





All Relatively small] In-run low frequency Four periods: 
Engines cyclic changes thrust oscillations 
180 to 205 sec 
2:5 to 267 sec 
268 to 351 sec 
405 to 465 sec 
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REMARKS 


Shift in Gas Generator (GG) 
oxidizer system resistance. 


Under evaluation (suspected 
GG system resistance shift). 





Shift in GG oxidizer system 
resistance. 


Under evaluation (suspected 
PU system resistance shift). 









Under evaluation. 







Shif* in GG oxidizer system 
resistance. 





Refer to paragraph 9.2.3 
for discussion on low 
frequency oscillations. 
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Figure 6-4. S-II Chamber Pressure Oscillations 


6.4 S-I] SHUTDOWN TRANSIENT PERFORMANCE 


“-i1 CECO at the high EMR occurred on schedule at 460.75 seconds. Engine 


Oo. 5 shutdown transients were satisfactory with the decay to 5 percent 
thrust occurring in approximately 0.3 second. 


S-II OECC sequence was initiated by the stage LOX low level sensors. The 
LOX depletion cutoff system again included 1.5-second delay timers. As 
in the three preceding flights utilizing 1.5-second delay timers (AS-504, 
AS-505 and AS-5C6), this resulted in engine thrust decay (observed as a 
drop in chamber pressure) prior to receipt of the cutoff signal. Due to 
early CECO however, the pre-cutoff decay was greatly reduced compared 
with AS-504 with five engines operating at shutdown. Similar to the last 
two flights, with four engines operating at shutdown, only engine No. 1 
exhibited a significant thrust chamber pressure decay (decreased }: 5 psi 
in the final 0.33 second before cutoff). All other outboard engines 
thrust chamber pressure decays were approximately 27 psi. 
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At S-II O€CO signal {552.34 seconds), total stage thrust was down to 
611,266 Ibf. Stage thrust dropped to 5 percent of this level within 
0.75 second. The stage cutoff impulse through the 5 percent thrust 

level was estimated to be 113,520 lbf-s. 


6.5 S-1] STAGE PROPELLANT MANAGEMENT 


The propellant managenient system performed satisfactorily during the 
propellant loading operation and during flight. The S-II stage employed 
an open-loop system utilizing fixed, open-loop commands from the IU 
rather than feedback signals from tne tank mass sensing probes. (Open- 
loop cperation was also used on AS-503, AS-505, and AS-506. It is also 
planned for use on all subsequent vehicles). 


The facility Propellant Tanking Contro? System (PTCS) and the propellant 
management system successfully accomplished S-II loading and replenishment. 
During the prelaurch countdown, all propellant management subsystems 
operated properly with no problems noted. 


The open-loop PU system responded as expected during flight and no insta- 
bilities were noted. Open-loop PU system operation commenced when "High 
EMR Select” was comnanded at ESC +5.6 seconds, as planned. The PU valves 
then moved to the high EMK position, providing an average high EMR of 5.53 
for the first phase of Programed Mixture Ratio (PMR). The IU command to 
shift EMR from high to low was initiated at ESC +324.2 seconds (0.5 seconds 
later than for the predicted trajectory) unon attainment of a preprogramed 
characteristic velocity as sensed by the .-VDC. This deviation is attrib- 
uted tc time delays within the LVDC occurring after the target velocity 
was achieved and variations between the actual and predicted flight 
performance. Tne IU command caused the PU valves to be driven to the 

low EMR position, providing an average EMR of 4.40 (versus a predicted 
average EMR of 4.33) for the low MR portion of the flignt. 


The open-loop PU error at OECO was approximately 90 Ibm LH? versus a 
3-sigma tolerance cf +2500 Ibm. Based on PU system data, prope. lant 
residuals (mass in tanks and LOX sump) at OECO were 1800 Ibm of LOX and 
4338 Ibm of LH». The LOX residuai, although differing from the official 
trajectory prediction, 1s identical to the LOX residual on the previous 
two flights and is considered normal for the 1.5-second time delay used 

in the LOX depletion engine cutoff system. Using the updated LOX residual 
predicted value for AS-507 would have resulted in a zero PU error. Future 
flight predictions (with 1.5-second timers) will reflect the new LOX 
residual value of 1800 ‘bm. 


Table 6-5 presents a comparison of propellant masses as measured by the 

PU probes and engine flowmeters. The best estimate propellant mass is 
based on integration of flowmeter data utilizing the propellant residuals 
determined from PU system data corrected for nominal tank mismatch at QOECO. 
Best estimates of propellant mass loaded correlates closely with the 


Table 6-3. S-II Propellant Mass History 


ENGINE FLOWMETER 
EVENT INTEGRATION 
RANGE TIME PREDICTED PU SYSTEM ANALYSIS (BEST ESTIMATE ) 


Ground Ignition, {819.083 | '58,000 ; 819,599" 157 ,513* | 823,781 157,755 
Yom 


S-II PU Valve 83,072 23,492 88,144 23,470 86 , 100 24,562 
Step (489.57 sec) 
Tom 


STR A 


S-i1 Residual 1207 Data not | Data not 4284 
After Thrust usable usable 
Decay, Ibm 


NOTE: Table is based on mass in tanks and sump only. Propellant trapped 
external to taaks and LOX sump is not included. 

*Based on pressurized ground loading data. Other PU system propellant 

quantities are based on flight data. 


**Corrected data for a nominal tank mismatch. 


postlaunch trajectory simulation. These mass values are 4698 Ibm or 0.57 
percent more than predicted for LOX é:d 245 Ibm or 0.16 percent less than 
predicted for LH». The longer than predicted S-II bum duration (approx- 
imately 2 seconds) is attributed primarily to the LOX overload and to 
variations between predicted and actual performance. 


6.6 S-II PRESSURIZATION SYSTEMS 
6.6.] S-II Fuel Pressurization System 


LH» tank ullage pressure, actual and predicted, is presented in Figure 6-5 
for autosequence, S-IC boost and S-II boost. The LH? tank vent va!ves 
were closed at -96 seconds and the ullage was pressurized to 35.7 psia in 
approximately 27.5 seconds. One makeup cycle was required at -44.6 seconds 
as a result of thermal pressure decay. Venting occurred during S-IC boost 
as anticipated. One venting cycle was indicated on vent valve No. |] 
between 90.5 and 94.2 seconds. There was no indication that vent valve 
No. 2 opened. Differential pressure across the vent valve was kept below 
the low-mode upper limit of 29.5 psid. Uilage pressure at S-II engine 
Start was 28.5 psia meeting the minimum engine start requirement of 

2/7 psia. The Lid tank valves were switched to the high vent mode 
immediately prior to S-II engine start. 
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Figure 6-5. S-II Fuel Tank Ullage Pressure 
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LH. tank ul lage pressure was maintained within the regulator range of 

28.5 to 30 psia during burn until the LH» tank pressure regulator was 
Stepped open at 461.7 seconds. Ullage pressure increased to 31.9 psia. 

The LHo vent valves started venting at 479.6 seconds and continued venting 
throughout the remainder of the S-II flight. Ullage pressure remained 
within the high-mode vent range of 30.5 to 33 psia. 


Figure 6-6 shows LH» total inlet pressure, temperature and Net Positive 
Suction Pressure (NPSP). The parameters were close to predicted values. 
The NPSP supplied exceed*d the minimum required throughout the S-II burn 
phase of the flight. 


6.6.2 S-I] LOX Pressurization System — 


LOX tank ullage pressure, actual and predicted, is presented in Figure 6-7 
for autosequence, S-IC boost and S-II bum. After a 2-minute cold helium 
chilldown flow through the LOX tank, the vent valves were closed at -185.4 
seconds and the LOX tank was prepressurized to th2 pressure switch setting 
of 38.9 psia in approximately 49.7 seconds. One pressure makeup cycle 

was required at -98 seconds as a result of pressure decay, which was 
followed by the slight pressure increase caused by LH2 tank prepressur- 
ization. Ullage pressure was 40.2 psia at engine start. 
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Figure 6-7. S-II LOX Tank Ullage Pressure 


After the ullage pressure recovered from the initial drop at engine start, 
the pressure was contro!led within the LOX pressurization regulator raige 
of 36 to 3&.5 psia until step pressurization. LOX step pressurization 
(261.7 seconds) caused the usual characteristic surge in u' lage pressure 
followed by a slower increase until LOX tank ullage pressuve reached a 
maximum of 40.9 nsia at 386.4 seconds when the No. 1 vent valve cracked. 
Vent valve No. 1 reseat cccurred at 40.7 psia after EMR shift. The LOX 
tank vent valve No. 2 did not open. 


LOX pump total :nlet pressure, temperature and NPSP are presented in 
Figure 6-8. The NPSP supplied exceeded the minimum requirement through - 
out the S-II boost phase. The total magnitude of LOX liquid stratifica- 
tion was greater than predicted. It is difficult to predict accurate 
temperatures at cutoff due to the 1.5-second time delay in the LOX low 
level cutoff circuit. 


6.7 S-II PNEUMATIC CONTROL PRESSURE SYSTEM 


During the initial launch countdown checkout for AS-507 flight, the 
valve actuation system receiver pressure decay exceeded the maximum 
allowable limit of 6.4 psi/min with the eleven recirculation valves 
closed. Five additional tests were performed to establish the receiver 
decay rates. The decay rates ranged from 18 psi/min for the initial 
test to 11.4 psi/min for the final test, with the decay rates becoming 
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Figure §-I]1 LOX Pump Inlet Conditions 
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LOX INLET TOTAL 


PRESSURE, psia 


LOX INLET 
_ TEMPERATURE, °F 


NPSP, psid 


Smaller for each progressive test. It has been assessed that leakage 
indications during the tests were a result of thermal effects. Since 
there was a time inte: val (several minutes) between tests, gas tempera- 
tures stabilizing within the actuation system lines would cause a decay 
in pressure. This conclusion is further substantiated by AS-507 flight 
data. 


At -30 seconds tne recetver pressure in the valve actuation system was 
approximately 3050 psia. The minimum acceptable pressure for flight at 
-19 seconds is 2800 psia. At S-II engine start, prior to the actuation 
closure of the eleven recirculation valves, the receiver pressure had 
decayed to approximately 3040 psia. The receiver pressure dropped 160 
psia when the eleven recirculation valves were actuated closed at S-II 
engine start; the predicted pressure drop was 150 psia. At CECO the 
center engine prevalves were closed which resulted in a 30 psi drop in 
receiver pressure; the predicted pressure drop was 50 psi. Prevalve 
closure at OECO resulted in a total pressure drop in the receiver of 
190 psi; the predicted pressure drop was 200 psi. 


An engineering change is presently being processed to revise the Test 
Specifications and Criteria Document which will allow a receiver pressure 
decay rate of 25 rsi/min. In addition, a procedursl change is planned 
to permit more time after receiver pressurization before making checks 
for pressure decay rates. 


Regulator outlet pressure during flight remained at a constant 715 psia, 
except for the momentary pressure drops when the recirculation valves 
were actuated closed at engine start, and when the center engine and 
four outboard engine prevalves were actuated closed after the engines 
were cut of*. The recovery period for the regulator outlet pressure 

did not exceed 20 seconds for any of the events mentioned above. The 
normal regulator band is 690 to 765 psia. 


6.8 S-II HELIUM INJECTION SYSTEM 


The performance of the helium injection system was satisfactory. Require- 

ments were met and parameters were in good agreement with predictions. 

The supply bottle was pressurized to 3100 psia prior to liftoff and by ESC 

was 750 psia. Helium injection system average totai flowrate during supply 
bottle blowdown (-30 to 163.03 seconds) was 72 SCFM. 
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SECTION 7 
S-IVB PROPULSION 


7.1 SUMMARY 


The J-2 engine operated satisfactorily throughout the operational phase 

of first and second burn and had normal shutdowns. S-IVB first burntime 
was 137.3 seconds which was 2.5 seconds longer than predicted. The engine 
performance during first burn, as determined from standard altitude re- 
construction analysis, deviated from the predicted Start Tank Discharge 
Valve (STDV) open +127-seconda time slice by 0.40 percent for thrust. 
Specific impulse was as predicted. The S-IVB stage first burn Engine 
Cutoff (ECO) was initiated by the Launch Vehicle Digital Computer (LVDC) 
at 693.91] seconds. 


The Continuous Vent System (CV3) adequately regulated LH, tank ullage 
pressure at an average level of 19.0 psia during orbit, and the Oxygen/ 
Hydrogen (02/H2) burner satisfactorily achieved LHg and LOX tank repress- 
urization for restart. However, the 02/Ho burner oxidizer valve did not 
Shutdown at the programed time due to an intermittent electrical "open" 
circuit. This failure resulted in burnthrough of the LHo repress coil in 
the 02/H2 burner. Engine restart conditions were within specified limits. 
The restart at full open Propellant Utilization (PU) valve position was 
successful. 


S-IVB second burntime was 341.2 seconds which was 3.8 seconds less than 
predicted. The engine performance during second burn, as determined from 
the standard altitude reconstruction analysis, deviated from the predicted 
STDV +172-second time slice by ©.76 percent for thrust and 0.05 percent 
for specific impulse. Second burn ECO was initiated by the LVDC at 
10,383.89 seconds. 


Subsequent to second burn, the stage propellant tanks were safed satis- 
factorily, with sufficient impulse being derived from t..e LOX dump to 
impart 32.8 ft/s to stage velocity. 


7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN 


The propellant recirculation systems performed satisfactorily, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-1. 
The thrust chamber temperature at launch was well below the maximum 
allowable redline limit of -130°F. At S-IVB first burn ESC, the tempera- 
ture was -136°F, which is within the requirement of -189.6 +110°F. 
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Figure 7~1. S-IVe Start Box and Run Requirements - First Burn 
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The chilldown and loading of the engine Gaseous Hydregen (GHo) start 

tank and pneumatic control sphere prior to liftoff was satisfactory. 

At first burn Engine Start Command (ESC) the start tank conditions were 
within the required region of 1325 +75 psia and -170 +30°F for start. 

The dischaige was completed and the refill initiated at first burn ESC 
+3.4 seconds. The refiil was satisfactory and in good agreement with the 
acceptance test. 


The engine control bottle pressure and temperature at liftoff were 3040 
psia and -170°F. LOX and LHg systems chilldown, which was continuous 
from before liftoff until just prior to first ESC, was satisfactory. 

At first ESC, the LOX pump inlet temperature was -295.3°F and the LH» 
pump inlet temperature was -421.9°F. 


The first burn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine wanufacturer. This buildup was 
Similar to the thrust buildups observed on AS-906 and AS-505. The PU 
valve was in the null position prior to first start, but shifted 0.7 
degree during start as expected. The total impulse from STDV open to 
STDV open +2.5 seconds was 192,373 Ibf-s for first start. 


First burn fuel lead followed the predicted pattern and resulted in 
satisfactory conditions as indicated by the thrust chamber temperatures 
and the associated fuel injector temperatures. 


7.3 S-IVB MAINSTAGE PERFORMANCE FOR FIRST BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 

and actual performance of thrust, total flowrate, specific impulse, and 

Mixture Ratio (MR) versus time is shown in Figure 7-2. Table 7-1 shows 

the specific impulse, flowrates and MR deviations from the predicted at 

the STDV +127-second time slice. 


The performance of the J-2 engine helium control system was satisfactcry 
during mainstage operation. The engine contro! bottle was connected to 
the stage ambient repressurization bottles, therefore, there was little 
pressure decay. Helium usage was approximately 0.24 Ibm during first 
burn. 


The PU vaive position shifted from null to 0.7 degree during first burn 
and shifted 0.6 degree during second burn, These shifts are approximately 
the same as those observed on the AS-505 and AS-506 flights and the 
S-IVB-508 and S-IVB-509 acceptance tests. This observed 0.6 to 0.8 degree 
Shift in valve position during null PU operation is expected to occur on 
AS-508 and subsequ2nt flights. 
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Table 7-1. S-IV8 Steady-State Performance - First Burn 
(STDV +127-Secona Time Slice at Standard Altitude Conditions) 


Seas PERCENT 
PARAMETER PREDICTED | RECONSTRUCTION] oeurersay | DEVIATION 
FROM PREDICTED 


Thrust, 


Specific Impulse, 
lb f-s/lbm 


LOX Flowrate, 
Tbm/s 


Fuel Flowrate, 
lbm/s 


Engine Mixture 
Ratio, 
LOX/Fuel 





7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


S-IVB first ECO was initiatec at 693.91 seconds by a guidance velocity 
cutoff command which resulted in a burntime of 137.3 seconds, which was 
2.5 seconds longer than predicted. 


Tne ECO transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 45,344 lbf-s. Cutoff occurred with the PU valve in the nul] 
position. 


7.5 S-IVB PARKING ORBIT CCAST PHASE CONDITIONING 


The LHo CVS performed satisfactorily, maintaining the fuel tank ullage 
pressure at an averane level of 19.0 psia. This was slightly below the 
previous flight data, but well above the level (17.0 psia) requiring 
corrective action by ground command. The lower than expected regulation 
level did not have a siqnificant effect on orbital boiloff. The effect 
of this regulation level on CVS impulse is discussed in parayraph 10.2.1. 


The continuous vent regulator was activated at 753.1 seconds and was ter- 
minated at 9501 seconds. The CVS performance is shown in Figure 7-3. 


Calculations based on estimated temperatures indicate that the mass 


vented during parking orbit was 2174 Ibm and that the boiloff mass was 
2407 1bm. 
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7.6 S-IVB CHILLDOWN AND RESTART FOR SECOND BURN 


The S-IVB LOX recirculation system satisfactorily provided properly con- 
ditioned oxidizer to the J-2 engine for restart. Fuel recirculation 
System performance was adequate and conditions at the pump inlet were 
Satisfactory at second STDV. Tne LOX and fuel pump inlet conditions are 
plotted in the start and run voxes in Figure 7-4. At second ESC, the LOX 
and fuel pump inlet temperatures were -294.8°F and -419.0°F, respectively. 
Second burn fuel lead generally followed the predicted pattern and resulted 
in satisfactory conditions as indicated by thrust chamber temperature and 
the associated fuel injector temperature. The start tank performed satis- 
factorily during second burn blowdown and recharge sequence. The engine 
Start tank was recharged properly and maintained sufficient pressure 
curing coast. However, the relief valve was relieving at approximately 
1280 psia. This pressure was below the expected relief setting of 1325 
+25 psia but within acceptable operating requirements. The engine control 
sphere first burn gas uSage was as predicted; the ambient helium spheres 
recharged the contro! sphere to a nominal level for restart. 


The second turn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine manufacturer and was similar to the 
thrust buildup on AS-506 and AS-505. The PU valve was in the proper full 
open (4.5 EMR) position prior to the second start. The total impulse from 
STDV open to STDV oper: +2.5 seconds was 179,996 idf-s. 


At 9965.7 seconds the 09/H> burner oxidizer shutdown valve was conmanded 
closed as part of the burner automatic cutoff sequence. The command was 
not received at tne actuation control module (see paragraph 12.4) and 
therefore the oxidizer valve did not close. The burner chamber tempera- 
ture increased as the mixture ratio became LOX rich as shown in Figure 7-5 
and eventually caused a burnthrough of the LHo tank repress primary helium 
coil. LH> tank ullage gas, and later LH pressurant gas from the J-2 
engine fed back through the burned out coil to sustain combustion. Com- 
bustion continued in this manner, providing a low level of thrust, until 
19,350 seconds when the burner oxidizer supply line inlet, located in the 
oyidizer tank, was uncovered by a falling LOX level. LOX tank ullage gas 
continued tu flow tirough the burner until 10,554 seconds when a ground 
‘Initiated command was successful in closing the oxidizer valve. After 
engine cutoff, the LH tank ullage gas continued to flow out tirough the 
burner except during helium dumps. Ambient and cold helium dumps were 
made through the LHo tank pressurization system and the LH? tank ullage 
gas flow was temporarily blocked. After Lunar Module (LM) ejection at 
15,180.9 seconds, there is evidence, as shown in Figure 7-6, of some 
restriction of the burner nozz!e by formation of solid hydrogen. It was 
during this time period (approximately 15,c00 to 16,000 s«-onds) that the 
astronauts observed and photographically recorded two directional (radial 
and aft direction) cyclic venting emanating from the burner area. 


At 15,001.2 seconds, the cold helium dump was initiated. The flow 
of cold helium througn the burner apparently caused solid hydrogen to 
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plug the burner nozzle. The data in Figure 7-6 show an equalization of 
pressure between the burner chamber and the LH? tank ullage pressure. At 
16,2135 seconds, the burner chamber pressure dropped avruptly from 12 to 

1 psia, apparently as a result of unplugging the burner nozzle. 


The G2/H2 burner cutoff anomaly did not result in any problems in attain- 
ment of mission objectives. 


The helium control system performed satisfactorily during second burn 
mainstage. There was little pressure decay during the burn due to the 
connection to the stage repressurization system. Approximately 0.60 Ibm 
of helium was consumed during second burn. 


7.7 S-IVB MAINSTAGE PERFORMANCE FOK SECOND BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted — 
and actual performance of thrust, total flowrate, specific impulse, and 
mixture ratio versus time is shown in Figure 7-7. Table 7-2 shows the 
specific impulse, flowrates and MR deviations from the predicted at the 
STOY +172-second time slice. 


7.8 $-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 


S-IVB second ECO was initiated at 10,383.89 seconds by a guidance velocity 
cutoff command for a burntime of 341.2 seconds. This burntime was 3.8 
seconds shorter than predicted. | 


Tne transient was satisfactory and agreed closely with acceptance trast 
and predictions. The total cutoff impulse to zero thrust was 45,729 Ibf-s. 
Cutoff occurred with the PU valve in the null position. 


7.9 S-IVB SiAGF Pe” T MANAGEMENT 


The PU system was c,. cu in the open-loop mode. The PU system success- 
fully accompiished the requirements associated with propellant loading. 


A comparison of propellant mass values at critical flight events, as deter- 
mined by various analyses, is presented in Table 7-3. The best estimate 
full load propellant masses were 0.36 percent greater for LOX and 0.37 
percent greater for LH than the predicted values. These deviations were 
well within the required loading accuracies. 


Extrapolation of propellant level sensor data to depletion, using pre- 
pellant flowrates, indicated that a LOX depletion cutoff would have 
occurred approximately 10.14 seconds after second burn velocity cutoff. 


During first burn, the PU valve was positicned at null for start and re- 


mained there, as programed, for the duration of the burn. The PU valve 
was commanded to the 4.5 EMR position 120.6 seconds prior to second ESC, 
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Figure 7-7. S-IVB Steady-State Performance - Second Burn 





, 
0.22 
. ene eeees eee 
0.9 ee 
x 
= 0.8 0.18 5 2 
2 ss on 
e 5) ; 
< 0.16 = = 
Z 0.7 ¢ re 
o z 
. Ss 
0.14 
0.6 
G.12 
0.5 
3300 
43s x 
om on a 
ana —_ = a = =e - § 
: KAO pf gl 8 
¢ | ow = 
ry | m S 
| ; s 
& 4200 7 ¥ 
= | | , = = 
2 
iad 
420 
a 50 100—s«*1580 200 «0s HO 4.05 30 700 150~« 00280 
TIME FROM STOV 92.5 SECONDS TIME FROM STOV +2.5 SECONDS 
2:47:00 2:49:00 2:51:00 . 2:33:00 2:47:00 2:49:00 2:51:00 


Tom /s 


TOTAL +1 OWRATE , 


Table 7-2. S-IVB Steady-State Performance - Second Burn 
(STDV +172-Second Time Slice at Standard Altitude Conditions) 


PERCENT 
PARAMETER PREDICTED | RECONSTRUCTION DEVIATION 
_{ FROM PREDICTED 


Thrust, 
lbf 206 125 207 ,688 






FLIGHT 
DEVIATION 










Speci fic Impulse , | 
Ib f-s/1bm 428.98 429 .2 










LOX Flowrate, 
lbm/s 399.02 402.17 










Fuel Flowrate, 
lbm/s 81.48 | 81.76 






Engine Mixture 
Ratio, 
LOX/Fuel 






and remained there for 230.4 seconds. At second ESC +109.8 seconds, the 
valve waS Commanded to the null position (approximately 5.0 EMR) and re- 
mained there throughout the remainder of the flight. | 


7.10 S-IVB PRESSURIZATION SYSTEMS 
7.10.1 S-IVB Fuel Pressurization System 


The LHo pressurization system operationally met all engine performance 
requirements. The LHo pressurization system indicated acceptable perform- 
ance during prepressurization, boost, first burn, coast phase, and second 
burn. 


The LHo tank prepressurization command was received at -96.4 seconds and 
the pressurized signal was received 13.0 seconds later. Following the 
termination of prepressurization, the ullage pressure reached relief 
conditions, approximately 31.7 psia, and remained at that level unti! 
liftoff as shown in Figure 7-8. A small ullage collapse occurred during 
the first 17 seconds of boost. The ullage pressure returned to the 
relief level by 85 seconds due to self pressurization. At S-IC cutoff 
the uliage pressure dropped 0.6 psid. This drop was larger than that 
seen on previous flights and resulted from prcpellant slosh and a 
smaller ullage volume. The pressure recovered to the relief level in 
approximately 20 seconds. This decay was not a problem. 
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Table 7-3. S-IVB Stage Propellant Mass History 


| EVENT | WITS | PRE DI CTED* | Pu INDICATED P'’ SOLUMETRIC FLOW INTEGRAL | BEST ESTIMATE 
| 


















; CORRECTED 
! ee eo <)> Ss) LOX iH LOX Li 

S-IC Ignition | bm | 189,898 743,500 | 190,271 1 43,488 | 190,667] 43,699 | 190,675 | 43,795 | 190,587 43,663 
First s-IVe | | , | | | 

Ignition Tbe | 189,238 43,500 | 190,27 | 43.653 | 190.667 | 43,699 | 190,675 [43,795 | 190,587 43,667 
First S-IVB | ! : | | : | ! : | 
Cutof¢ | Ibm 136,760 32,593 135,837) 32,211 | 136,142 1 92,314 | 135,874 | 32,535 | 135,909 32,346 
Second S-IVB | | : ! ) ) | | 

Ignition | Wor {135,924 |29,804 | 135,666 | +9 653 | 135,971 {29,710 | 135,628 | 30,127 : 135,617 29.753 
Second S-IVB | 7 | ! | | | | | 












Lutoff 






| ibm 2535 













* Predicted vatues aic adiusted to the actua) burn times. 
During first burn, the average pressurization flowrate was approximately 
0.65 Ibm/s providing a total +low of 94.4 Ibm. All during the burn the 
ullage pressure was at the relief level, as predicted. 


The LHp tank was satisfactorily repressurized for restart by the 02/H9 
burner. (The ourner cutoff anomaly is discussed in paragraphs 7.6 and 
12.4.) The LH2 ullage pressure was 30.5 psia at second burn ESC as shown 
in Figure 7-9. The average second burn pressurization flowrate was 

0.65 Ibm/s until step pressurization wien it increased to 1.03 Ibm/s. 

This provided a total fiow of 250 Ibm during second burn. Significant 
venting during second burn occurred at second ESC +279.3 seconds when step 
pressurization was initiated. This behavior was as predicted. 


The Lda pump inlet NPSP was calculated from the pump interface tempera- 
ture and total pressure. These values indicated that tne NPSP at first 
burn ESC was 18.0 psid. At the minimum point, the NPSP was 7.8 psid 
above the required. Throughout the burn, the NPSP had satisfactory 
agreement with the predicted. The NPSP at second burn ESC was 2.2 psid 
which was 2.3 psid below the required value. The NPSP requirement was 
met by second STDV. This has occurred on previous flights and a request 
1s being written to remove or change tne second ESC requirement. Figures 
7-10 and /-1] summarize the fuel pump inlet conditions for first and 
second burns, respectively. 


7.10.2 S-IVB LOX Pressurization System 


LOX tank prepressurization was initiated at -167 seconds and increased 
the LOX tank ullage pressure from ambient to 41.0 psia within 12 seconds 
as shown in Figure 7-i2. Three makeup cycles were required to maintain 
the LOX tank ullage pressure before the ullage temperature stabilized. 

Ac -96 seconds tne LOX tank ullage pressure increased from 39.1 to 40.2 
psia due to fuel tank prepressurization, LOX tank vent purge, and LOX 
pressure sense line purge. The pressure gradually increased to 41.5 psia 
at liftoff. 
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Figure 7-8. S-IVB LHp Ullage Pressure - First Burm and Parking Orbit 


During boost there was a normal rate of ullage pressure decay caused by 
an acceleration effect and uliage collapse. No makeup cycies occurred 
because cf an inhibit until after Time Base 4 (Tq). LOX tank uiiage 

pressure was 37.0 psia just prior to ESC and was increasing at ESC due 


to a makeup cycle. 


During first burn, two over-control cycles were initiated, as compared 
to the predicted one to three cycles. The LOX tank pressurization flow- 
rate variation was 0.24 to 0.29 Ibm/s during under-control system opera- 
tion. This variation 1s norma! and is caused by temperature etrfects. 
Heat exchanger performance during first burn was Sat*sfactory. 


Durirg orbita! coast the LOX tank ullage pressure experiencec a decay 
Similar tc, though slightly greater than, that experienced on the AS-506 
flight. This decay, although the greatest seen to date, was less than 
the maximum predicted decay, and was not a problem. Investigation is 
continuing in an attempt to determine the relative effects of factors 
contributing to this phenomenon. Factors under investigation include 
heat transfer through ine common bulkhead, composition of ullage gas, 
effects cf stage maneuvers, and leakage of u!lage gases. 
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Figure 7-9. S-IVB LH2 Ullage Pressure - Second Burn and Translunar Coast 


Repressurization of the LOX tank prior to second burn was required and 
was sat <factorily accomplished by the burner. The tank ullage pressure 
was 40.0 psia at second ESC and satisfied the engine start requirements 
as shown in Figure 7-13. 
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Figure 7-10. 
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Figure 7-11. 
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Figure 7-12. S-IVB LOX Tank Ullage Pressure - First Burn and Parking Orbit 


Pressurization system performance during second burn was satisfactory and 
had the same characteristics noted during first burn. There was one over- 
control cycle as comparea to zero to cne predicted. Flowrate varied 
between 0.32 to 0.37 Ibm/s. Heat exchanger performance was satisfactory. 


The LOX Net Positive Suction Pressure (NPSP) calculated at the interface 
was 24.2 psid at first burn ESC. The NPSP decreased after start and 
reached a minimum value of 23.5 psid at 8 seconds after ESC. This was 
10.7 psid above the required NPSP at that time. 


The LOX pump static interface pressure during first burn followed the 
cyclic trends of the LOX tank ulilage pressure. The NPSP calculated at 
the engine interface was 23.4 psid at second burn ESC. At all times 
during second burn, NPSP was above the requirec level. Figures 7-14 
and 7-15 summarize the LOX pump conditions for the first burn and the 
second burn, respectively. The run requirements for first and seccr 
burn were satisfactorily met. 
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Figure 7-13. S-IVB LOX Tank Ullage Pressure - Second Burm 
and Translunar Coast 


The cold helium supply was adequate to meet all flight requirements. At 
first burn ESC the cold helium spheres contained 380 lbm of helium. At 
the end of the second burn, the helium mass had decreased to 168 lbm. 
Figure 7-16 shows helium supply pressure history. 


7.11 S-IVB PNEUMATIC CONTROL SYSTEM 


The pneumatic control and purge system performed satisfactorily during 
all phases of the mission with one exception. During second burn the 
oxidizer tank motor container pressure experienced a greater than normal 
decay rate after second ESC +110 seconds, and was below LOX tank ullage 
Pressure at second ECO but subsequently reached a normal level. The most 
likely cause of this decay was cracking of the motor container pressure 
relief valve due to vibrations. The pressure decay did not cause any 
problems. Pneumatic regulator operation was nominal at ail times. 


7-20 


Le-Z 


"pl-Z aunbly 


UING JSUL4Y - SUOLZEPUOD) YaLUT dwng XOT GAi-S 


SONOD3S “3WIi JONYY 


002 089 099 O09 029 909 08S 09S OS 


OL 


SGNO03S “IS9 LSYI4 WONd IWIL 


Ov 02 


09 


Ov! O2l 


091 


LOX PUMP INLET 
TEMPERATURE, °K 





' 
NO) 
wo 
MO 


LOX PUMP INLET 
TEMPERATURE, °F 





LOX PUMP INLET , 
TOTAL PRESSURE, N/cmé 


Q3191G3dd 


Wh LV 


LOX PUuIP INLET 
TOTAL PRESSURE, psia 


LOX NPSP, N/emé 





LOX NPSP, psid 


NNN 
—t _{ pd 
QO XZ 
Wen 
4 - 
© 
mom 
Co ma 
oem 


INLET 


TOTAL PRESSURE, N/cme 


LUX PUMP 


EY 


INL 


LOY. FU? 
TEMPERATURE , 


VW SECOND FSC 
\/ SECOND STDV OPEN 
YW SECOND ECO 


20 = ae : 


PSP) N/emne 


LOX 


10 





50 


i; 


=> 





= 


TEM PeOM SECOND §' SC. SUC UEDS 


2:47:90 fark as ea 8 eb 1:00 99200 
aaa a y eal ‘ HOURS MINUTE a 4 ON 35 


Figure 7-15. S-IVB LOX Pump Inlet Conditions - Second Burn 


7-22 





0 

~ 

Ww 

a 

Qa. 

WY 

Qa 

=< 

x 

a, 

aad 
wo 
oF aol 
Vv) 
oi 

rR LJ 

tay Oc 

aj — 

ta Va 

oa U} 
iad 

acr 

eo 

a —J 
<< 

=x 

O&O 

ae 
: 
oO 


LOX PUMP INLET 
TEMPERATURE 


V FIRST ECO 

VY START CRYOGENIC REPRESS 

V SECOND ESC - 

YW SECOND ECO 

WY START COLD HELIUM DUMP 

W END COLD HELIUM DUMP 
START “OLD HELIUM DUMP 
END CutD HELIUM DUMP 
START COLD HELIUM DUMP 
END COLD #2LTUM DUMP 


7 


2500 











PRESSURE, N/cm? 


3000 
2000 es Ree caeeeees cae - 
1500 she . wie uw |: en ene 
| =3/ Ga | | -2000 
| ; . 
Pry py yd 
1000 7 
1000 
500 oy ees = 
0 : ——— 0 
0 40006 8000 ¥2 ,000 16 .000 20 ,000 


RANGE TIME, SECONDS 
| 4 






0:00:00 2:00:00 4:00:00 
RANGE TIME, HOURS :MINUTLS :SECONDS 


Figure 7-16. S-IVB Cold Helium Supply History 


PRESSURE, psia 


7.12 S-IVB AUXILIARY PROPULSION SYSTEM 


The Auxiiiary Propulsion System (APS) demonstrated nominal performance 

throughout the flight and met control system demands, as required, through 

the loss of data at 43,980 seconds. The pressurization system operation 

was satisfactory. The regulator outlet pressures for Module No. 1 and 2 

were 193 psia. The APS ullage pressures in the propellant ullage tanks 

ot iy from 188 to 194 psia. The helium bottle temperatures ranged from 
7 to 01°F. 


The oxidizer anc fuel supply systems performed as expected during the | 
flight. The propellant temperatures measured in the propellant control 
modules ranged from 80 to 113°F. The APS propellant usage was as expected. 
Table 7-4 presents the APS propellant usage during specific portions of 
the mission, 


The performance of the attitude control thrusters and the ullage thrusters 
was also satisfactory throughout the mission. The thruster chamber pres- 
sures ranged from 95 to 100 psia. The ullage thrusters successfully com- 
sleted the four sequenced burns of 86.7 seconds, 76.7 seconds, 80 seconds, 
and 300 seconds as well as the ground commanded 270-second slingshot 

burn. 


7.13 S-IVB ORBITAL SAFING OPERATIONS 


The S-IVB high pressure systems were safed following J-2 engine cutoff 
in order to demonstrate this capability. The thrust developed during 
the LOX dump was utilized to provide a velocity change for the slingshot 
maneuver. However, due to circumstances explained in paragraph 10.2, 
the slingshot was not achieved. The manner and sequence in which the 
safing was performed is presented in Figure 7-17. 


7.13.1 Fuel Tank Safing 


The LHa tank was satisfactorily safed by accomplishing three programed 
vents as indicated in Figure 7-17, utilizing both the Nonpropulsive 

Vent (NPV) and CVS. The LHo tank ullage pressure during safing is shown 
in Figure 7-9. At second ECO, the LHo tank ullage pressure was 31.8 psia 
and after three vents had decayed to approximately 1.0 psia. The mass of 
GHo and LHa vented agrees well with the 3059 Ibm of liquid residual and 
pressurant in tne tank at the end of powered flight. 


7.13.2 LOX Tank Dump and Safing 


Immediately following second burn cutoff, a programed 150-second vent 
reduced LOX tenk ullage pressure from 40.0 psia to 18.0 psia as shown in 
Figure 7-13. Data levels were as expected with 80.0 Ibm of helium and 
83.8 Ibm of GOX being vented overboard. As indicated in Figure 7-13, 
the ullage pressure then rose gradually due to self-pressurization, to 
21.9 psia at the initiation of LOX dump. 
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Table 


TIME PERIOD 


Initial Load 


First Burn (Roll 
Contro1) 


ECO to End of First 
APS Ullaging 


End of First Ullage 
Burn to Start of 
Second Ullage Burn 


Second Ullage Burn 
(76.7 sec) 


Second Burn (Roll 
Control) 


ECO to Start of 
Evasive Ullage Burn 


Evasive (tllage Burn 
(80 sec) 


From End of Evasive 
Ullage Burn to the 
Start of Slingshot 
s Ullage Burn 


Sequenced Slingshot 
Ullage Burn (300 
sec) 


Ground Commanded 


Slingshot Ullage 
Burn (270 sec} 


From End of Ul lage 
Burn to Loss of 
Data (43,980 sec) 


Total Usage 


7-4. S-IVB PS Propellant Consumption 


MODULE AT POSITION I - MODULE AT POSITION III 
LEM LBM LBM LBM 
262.6 202 .6 126.0 
0.3 0.2 


14.3 


9.5 


169.0 





Note: The APS propellant consurption presented in this table was 


determined from helium bottle conditions (Pressure, Volume, 
Temperature [PVT] method). 
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LH2 TANK CVS OPEN 
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Figure 7-17. S-IVB LOX Dump and Orbital Safing Sequence 


The LOX tank dump was initiated at 17,280.2 seconds and was satisfactorily 
accomplished. A steady-state liquid flow of 333 gpm was reached within 
23 seconds. 


Gas ingestion did not occur during dump. The LOX residual at the start 
of dump was 4401 Ibm. Caiculations indicate that 2649 ibm of LOX was 
dumped. During dump, the ullage pressure decreased from 21.9 psia to 
21.5 psia. 


LOX dump ended at 17,338.2 seconds as scheduled by closure of the Main 
Oxidizer Vaive (MOV). A steady-state LOA dump thrust of 808 lIbf was 
obtained. The total impulse before MOV closure was 46,583 Ibf-s, re- 
sulting in a calculated velocity change of 32.8 ft/s. Figure 7-18 shows 
the LOX flowrate duting dump and the mass of liquid and gas in the oxi- 
dizer tank. Figure 7-18 shows LOX ullage pressure and the LOX dump 
thrust produced. Tne predicted curves provided for the LOX flowrate and 
cump thrust are in agreement with the quantity of LOX dumped and the 
actual ullage pressure. 


Two seconds following termination of LOX dump, the LOX NPV valve was 
Cpened and remained open for the duration of the mission. LOX tank 
ullage pressure decayed from 21.4 psia at 17,400 seconds to zero pressure 
at apr:<<imately 23,000 seconds. 
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7.13.3 Cold Helium Dump 


Cold helium was dumped through the LH» cryogenic repressurization lines. 
Jue to the coil burnthrough which occurred following the burner shutdown 
anomaly, most of the cold helium was dumped overboard through the burner 
nozzle, rather than through the fuel tank vents. 


A total of approximately 160 ibm of helium was dumped during the three 
programed dumps, which occurred as shown in Figure 7-17. 


7.13.4 Ambient Helium Dump 


Approximately 41 Ibm of ambient felium in the LOX and LHo repress spheres 
was dumped, via the fuel tank. The 62-second dumo occurred at 13,985 
seconds. The pressure decayed from 3040 psia to 520 psia. 


7.13.5 Stage Pneumatic Control Sphere Safing 


The stage pneumatic control sphere was safed by initiating tne J-2 engine 
pump purge and flowing helium through the pump seal cavities to atmos- 
phere. The safing period of 1600 seconds satisfactorily reduced the pres- 
Sure in the sphere. 


7.13.6 Engine Start Tank Safing 


The engine start tank was safed during a period of approximately 150 
seconds beginning at ]3,984.9 seconds. Safing was accomplished by open- 
ing the sphere vent valve. Pressure was decreased from 1280 psia to 80 
psia with 3.65 Ibm of hydrogen being vented. - 


7.13.7 Engine Control Sphere Safing 


The safing of the engine control sphere began at 17,280 seconds. The 
helium control solenoid was energized to vent helium through the engine 
purge system. The initial pressure in the sphere was 3125 psia, and it 
decayec to about 900 psia in 55 seconds. At this time gaseous helium 
from the ambient repressurization bottles began flowing to the engine 
control sphere. Helium from the control sphere and repressurization 
bottles continued to vent until 18,330 seconds. During this time, the 
pressure in the repressurization bottles had decayed from 90) to 250 
psia. The control sphere pressure had decayed to 10C psia. Subsequent 
to the closing of the control solenoid, the control sphere repressurized 
to 175 psia without any noticeable decay in stage ambient repressuriza- 
tion bottle pressure. During the 1050-second safing period, a total of 
21.7 Ibm of helium was vented to atmosphere. 
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SECTION 8 
HYDRAULIC SYSTEMS 


8.1 SUMMARY 


The S-IC, S-II, and S-IVB hydraulic systems performed satisfactorily 
throughout the mission. All parameters were within specification limits, 
although the return fluid temperature of one S-IC actuator rose un- 
expectediy at 100 seconds. | 


8.2 $§-IC HYDRAULIC SYSTEM. 


Performance of the S-IC hydraulic system was satisfactory. All servo- 
actuator supply pressures, return temperatures, and return pressures were 
within required limits, although engine No. 2 pitch servoactuator return 
temperature exhibited an unexpected increase from 92°F tc 110°F during 

the period 100 to 120 seconds (see Figure 8-1). Although analysis shows 
that loss of line insulation would not account for this temperature rise, 
it should be noted that the time period does coincide with the time of 
maximum gas temperatures in the base region. See Figure 14-2. This 
temperature rise caused no probiems but its cause is still under investi- 
gation. | 


8.3 S-II HYDRAULIC SYSTEM 


S-II hydraulic system performance was normal throughout the flight. 

System supply and return pressures, reservoir volumes, and system fluid 
temperatures were within predicted ranges. Reservoir fluid temperatures 
were close to the predicted rate of increase. Ali servoactuators res- 
ponded to commands with good precision, and forces acting on the accuators 
were well below the predicted maximum. Launch pad redlines at liftoff 
were met with ample margins. 


8.4 S-IVB HYDRAULIC SYSTEM 


The S-IVB hydraulic system performance was satisfactory during the com- 
plete mission (S-IC/S-II boost, first and second burns of S-IVB, and 
orbital coast). | 
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Figure 8-1. S- ene Hydraulic Systems Pitch and Yaw Actuator 
Return Temperature | 
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SECTION 9 
STRUCTURES 


9.1 SUMMARY 


The structural joads experienced during the S-IC boost phase were well 
below design values. The maximum Q region bending moment was 37 x 10 
Ibf-in. at tne S-I¢€ LOX tank woich was less than 20 percent of design 
value. Thrust cutoff transients experienced by AS-507 were similar to 
those of previous flights. The maximum dynamics resulting from S-IC 
Center Engine Cutoff (ceco) were t0.3 g at the Instrument Unit (I\') and 
+0.7 g at the Command Module (CM). At Outboard Engine Cutoff {OECO) a 
maximum dynamic longitudinal acceleration of -0.3 g. and -0.9 g was ex- 
perienced at the IU and CM, respectively. The order of magnitude of 
the thrust cutoff responses are considered nominal. | 


_ During the S-IC stage boost phase, 4.5 to 5.2 hertz oscillations were 
detected beginning at 104 seconds. The maximum amplitude (40.074 g) 
was measured in the IU at 122 seconds. Oscillations in the 4.0 to 5.5 
hertz range have been observed on previous flights with a maximum 

amplitude of +0.07 g measured on AS-S06 at 107 seconds. | 


The most significant structural oscillations occurred during S-II burn 

and were higher than on any previous vehicle during the S-II flight period 
prior to CECO. Flight data analysis has identified four periods during 
which oscillation buildups occurred. The oscillations peaked at i87, 248, 
313 and 431 seconds in the frequency range from 15.2 to 16.2 hertz. 
Oscillations in the chamber pressure, LOX sump pressure, and LOX inlet 
pressure occurred at the same frequency as the structural vibrations. The 
loading resulting from these oscillations, however, caused no structural 
failure or degradation. 


During the S-IVB first bum, 18 hertz oscillations (measured at the 

S-IVB engine gimbal block) began at 603 seconds, peaked at a level of 
+0.12 g at 610 seconds, and damped out by 634 seconds. These oscillations 
were detected at the same time period on AS-505 and AS-506. The AS-507 
amplitude levels tie between those measured on the two previous flights. 
During S-IVB second bum, 13 hertz oscillations began at 10,335 seconds, 
peaked at 10,357 seconds at a level of t0.i2 g, and continued until engine 
cutoff at a level of approximately 10.1 g. Previous flights have also 
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shown gimbal pad oscillations of approximate'y +0.1] g at 13 hertz and 
at about the same time. The launch vehicle structural system is considere: 
to have satisfied all mission requirements. 


Three vibration measurements were made on the S-IVB aft interstage. The 
maximum vibration leveis measured occurred at liftoff and during the 
Mach 1 to Max Q period. 


9.2 TOTAL VEHICLE STRUCTURES EVALUATION 
9.2.1 Longitudinal Loads 


The structural loads experienced during S-IC boost were well below design 
values. The AS-507 vehicle liftor; cccurred nominally at a steady-state 
acceleration of approximately 1.2 g. Maximum longttudinal dynamic re- 
sponse measured at the IU and CM was +0.25 g and +0.55 g, respectively, 
as shown in Figure 9-1. Both values are cc.isiderably larger than those 
on 4S-506 (40.13 g at the IU), but are within design values. 


WV FIRST MOTION 


ACCELERATION, g 





HINSTRUMENT UNIT 


ACCELERATION, g 
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Figure 9-1. Longitudin.] Acceleration at the Command Module 
and Instrumert Unit During Thrust Buildup and Launch 
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The longitudinal loads experienced at the time of maximum bending moment 
(77.5 seconds) were nominal and are shown in Figure 9-2. There were no - 
discernible tongitudinal dynamics at this time. The steady-state 
longitudinal acceleration was 2.03 g. 


Figure 9-2 also shows that the maximum longitudinai loads imposed on the 
S-1C stage thrust structure, fuel tank, and intertank occurred at 135.24 
seconds (CECO) <t a longitudinal acceleration of 3.71 g. The maximun | 
longitudinal loads imposed on ali vehicle structure above the S-IC inter- 
tank occurred at 161.22 seconds (subsequent to OECO) at an acceleration 
of 3.91 g. 


9.2.2 Bending Moments 


The 1-2-1-1 engine start sequence apparently introduced more lateral 
structural dynamic activity in the pre-release phase than had been ob- 
served on previous flights. Launch operational loads are based on a 
3-sigma ignition differontial of 230 milliseconds for diametrically 
opposed engines. (There was a 202 millisecond differential on AS-507; 
see Section 5). The increased twang effect from the 1-2-1-1] start 
sequence combined with the low-level winds (13.3 knots at the 60-foot 
level) experienced during launch, produced Toads which were lower than 
the design values. The lateral accelerations measured at the IU are 
shown in Figure 9-3. 
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Figure 9-3. Lateral Acceleration at IU During Liftoff 


The inflight winds that existed during the maximum dynamic pressure phase 
of the flight peaked at 92.5 knots at 46,670 feet. As shown in Figure 9-4, 
the maximum bending mor2nt impcsed on the vehicle at the S-IC LOX tank was 
37 x 106 Ibf-in. at approximately 77.5 seconds. This moment loading was 
less than 20 percent of design value. Bending moment computations were 
based on the measured inflight parameters, i.e., engine thrust, gimbal 
angle, dynamic pressure, angle-of-attack and accelerations. 


9.2.3 Vehicle Dynamic Characteristics 


9.2.5.1 Longitudinal Dynamic Characteristics. The most significant 
vehicle responses during S-IC stage boost phase were detected by the IU 
longitudinal accelerometer (A2-603) and the S-IC intertank longitudinal 
accelerometer (Al-118). As shown in Figure 9-5, low frequency (4.5 to 

5.2 hertz) structural oscillations began at approximately 104 seconds and 
continued to CECO. The peak amplitude was +0.074 g measured in the IU at 
122 seconds. These oscillations are the norma! response of the first 
longitudinal mode to flignt environmental excitations. First mode 
oscillations have occurred on all previous flights. Since the AS-503 
flight, the first vehicle having a POGO suppression system, the largest 
amplitude measured was +0.07 g on AS-506 at 107 seconds. Spectral analysis 
of F-1 engine chamber pressure, Figure 9-6, show no detectible buildup of 
chamber pressure at the structural response frequency. POGO did not occur 
during S-IC boosz. 


The AS-507 S-IC CECO and OECO transient responses shown in Figure 9-7 

were similar to those of previous flights. The maximum dynamics resulting 
from CECO were +0.3 9 at the IU and +0.7 g at the CM. At OECO a maximum 
dynamic longitudinal acceleration of -0.3 g and -0.9 g was measured at 

the 1U and CM, respectively. 
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Figure 9-4. Maximum Bending Moment Near Max Q 


During the S-IJ stage boost phase, at approximately 349 seconds, the 
Apollo 12 astronauts reported experiencing a buildup of structural vibra- 
tions. Flignt data analysis revealed four periods during which 15.2 to 
16.2 hertz oscillations occurred prior to S-II CECO, 180 to 205 se.unds, 
225 to 267 seconds, 268 to 351 seconds and 405 to 463 seconds. Except for 
the first time period the accelerations measured were higher than those 
observed srior to CECO during any previous flight. Acceleration amplitude- 
time histories of the center engine crossoeam, LOX sump and engine No. | 
th-ust pad, as measured during the AS-507 flight, are compared to the 
AS-504 and AS-505 flight data in Figure 9-8. The principal frequency 
associated with each oscillation period is also included in this figure. 
The crossbeam oscillations peaked at 187, 248, 313, and 431 seconds. 

Figure 9-9 presents the center engine crossbeam, LOX sump and engine No. 1 
thrust pad acceleration characteristics following S-II CECO. It is evident 
that CECO greatly attenuated * > low frequency oscillations in the 14 to 
20 hertz frequency range. 


Low frequency oscillations in the 14 to 20 hertz region existed in the 
propulsion parameters during the same time periods observed on the 
Structural measurements as shown in Figures 9-10, 9-11 and 6-4. Pressure 
amplitude-time histories for the same time periods for LOX sump, center 
engine LOX inlet, and engine ho. 1 LOX inlet locations are shown in 
Figures 9-12 and 9-13. As with the acceleration data, the pressure 
perturbations for all engines were drasticaily attenuated following CECO. 
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The maximum acceleration and pressure perturbations for each oscillation 
period are summarized in Table 9-1. It should be noted that the center 
engine related parameters are more dominant in the last two oscillation 
periods. It should also be noted that for the second time period the LOX 
Sump. acceleration was approximately 1.4 times higher than that observed 
on the crossbeam which is a departure from what has been observed on 


previous flights. 


Figure 9-14 presents 8 to 14 hertz band-pass filtered data for the three 
acceleration measurements and the engine No. 1 chamber pressure measurement 
for the period between CECO and QECQ. These data indicate a low accelera- 
tion amplitude buildup within this frequency region just prior to OECO; 
however, there 1s no apparent increase in engine No. | chamber pressure. 
Similar acceleration buildup characte, istics have been observed on previous 


flights. 
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Figure 9-7. Longitudinal Acceleration at Command Module and 
Instrument Unit at S-IC CECO and OECO 
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Figure 9-8, Comparison of S-II Stage Acceleration Measurements 
With Previous Flights 
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Figure 9-9. S-II Post-CECO LOX Sump, Engine No. 1 and Center Engine 
Crossbeam Acceleration (14 to 20 Hertz Band Pass Filter) 


Although the S-II low frequeicy osciliations experienced orior to CECO 
were higher than any previous flight, mainstage performance was not 
impaired. The design limit load of 240,000 Ibf for the crossbeam was 
exceeded with the computed worst-case exposure load being 243,000 Ibf at 
313 seconds. However, the flight dynamic loads had minor affect on the 
fatigue life of the beam and a factor of safety of 1.3 was maintained for 
the imposed loading. 3 


The AS-507 flight data indicated that a closed loop structural/propulsion 
system coupling (PGGO) occurred during S-II stage burn prior to CECO. The 
flight data also indicated that the oscillation buildurs were limited; how- 
ever, the limiting mechanism is not fully understood at this time. The 
AS-507 S-II oscillations do show that due to the coupling between the struc- 
tural and propulsion system an inherent systems instability does exist and 
oscillations can be expected to occur during future fligits. However, in 
view of the history of seven successful Saturn V flights and the fact that 
the S-II stage structure can withstand oscillation amplitude levels three 
times that experienced on AS-507, the decision has been made to fly AS-508 
as 1s, 1.e., without a POGO suppression system on the S-II stage. 
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Figure 9-10. S-II Pre-CECO Thrust Chamber Pressure Characteristics 
(14 to 20 Hertz Band Pass Filter) 


Low frequency longitudinal oscillations similar to those experienced on 
the AS-505 and AS-506 flights again occurred during AS-507 S-IVB first | 
and second burns. QDurina first humm, 19 hertz oscillations (measured at 
the J-2 engine gimbal block) began at 603 seconds, peaked at a ievel of 
t0.12 g at 610 seconds, and damped out by 634 seconds as shown in 

Figure 9-15. These oscillations were detected at the same time period on 
AS-505 and AS-506. The AS-507 gimbal block amplitude levels lie between 
those measured on the two previous flights. The LOX suction line inlet 
vibration measurement reached a maximum of t0.19 g compared to +0.12 g on 
AS-506. This measurement was not available on AS-505 for comparison. A 
corresponding buildup occurs in chamber pressure. Figure 9-16 shows that 
the 19 hertz oscillations are clearly visible in both structural and 
propulsion measurements. 
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Figure 9-11. S-II Post-CECO Thrust Chamber Pressure Characteristics 
(14 to 20 Hertz Band Pass Filter) 


During S-IVB second turn, 13 hertz oscillations began at 10,335 seconds , 
peaked at 10,357 seconds at a level of +0.12 g and continued to engine 
cutoff, at a level of approximately +0.1 g as shown in Figure 9-17. 
Previous flights have also shown gimbal pad osciilations of approximately 
+0.1 9 at 13 hertz end at about the same time period. As shown in 

Figure 9-18, the AS-5U7 LOX pup intet nressures show a smali 13 hertz 
component, but the 13 hertz chamber pressure response remains be.ow the 
noise threshold. The magnitudes of the S-IVB low frequency oscillations 
during both first and second burns were well below design limits and did 
not affect the structural integrity of the stage. 


9.3 VIBRATICN EVALUATION 


One skin and two stringer vibration measurements were made on the S-IVB aft 
interstage during the AS-5G7 flight. As shown in Figure 9-19, the skin 
measurement vibration ievels were higher than the stringer vibration levels 
throughout flight, which was expected. No previous flight vibration data 
for the aft interstage area is available for comparison. 
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Figure 9-12. S-II Pre-CECO LOX Sump, Center Engine and Outboard Engine 
, LOX Inlet Pressure (14 vo 20 Hertz Band Pass Filter) 
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Figure 9-13. S-II Post-CECO LOX Sump, Center Engine and Outboard “ngine 
LOX Inlet Pressure (14 to 20 Hertz Band Pass Filter) 
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Vibration measurements £99-411 and E£100-411 (forwar. bending mode, pitch 
and yaw, respectively), installed in the S-IVB forward skirt, did not 
indicate any increased vibration levels following step pressurization 
(10,314 seconds). Both E99 and E100 indicated +0.03 g compared to 
t0.58 g for E99 and +0.52 g for E100 on the AS-505 flight when the 
increase in 45 hertz vibration was observed. 
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Figure 9-14. Acceleration and Pressure Characteristics from S-I] 
CECO to OECO (8 to 14 Hertz Band Pass Filter) 
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‘ 
AS-506 AND AS-505 


Summary of Peak S-II Oscillation Amp!i tudes 
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-16. S-IVB First Burn Spectral Analysis at 610 Seconds 
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Figure 9-19. S-IVB Aft Interstage Skin and Stringer Vibration 


SECTION 10 
GUIDANCE AND NAVIGATION 


10.1 SUMMARY 
W.1.1 Flight Program 


The guidance and navigation system performed satisfactorily throughout 
the mission. All maneuvers, switch selector event sequencing, and 
Staging occurred very close to nominal times. The parking orbit and 
Translunar Injection (TLI) parameters were within the 3-sigma tolerance. 


The S-IVB/IU did not achieve heliccentric orbit because it did not pass 
sufficiently near the moon for slingshot. The duration of the ground 
commanded uliage engine burn was computed using a telemetered state vector 
rather than a vector obtained from tracking. The difference between the 
two vectors at 10,417.2 secunds (23 seconds after TLI) was 5.7 m/s 

(18.7 ft/s). This difference was less than the allowable 3-sigma limits 
but exceeded the allowable limits for accomplishing slingshot. This 
difference was a result of rather large space-fixed component velocity 
differences observed prior to the S-IVB stage second burn, which was 
enlarged through the second active guidance period. These component 
velocity differences were probably caused by a combination of a scale 
factor gain error in the Z (downrange) accelerometer, a different from 
nominal LHo vent impulse in parking orbit and other unidentified sources. 


At 36.6 seconds, the Y (pitch) gimbal counter reading changed 2.8 degrees 
between successive minor loop samples. The maximum acceptable change was 
0.4 degree. The reading was rejected, a minor-loop error word was tele- 
metered, and the preceding reading was used. No other excessive reading 
changes occurred during the mission. | 


10.1.2 Instrument Unit Components 


The Launch Vehicle Nigital Computer (LVDC), the Launch Vehicle Data Adapter 
(LVDA), and the -124M-3 inertial platform functioned satisfactorily. At 
37.01 second, cit 1 (sign bit) was set in Mode Code 24 status work indi. 
catine a disagreement between the A and B counters of the Z (downrange) 
accelerometer. The B counter reading was used because its value was nearer 
to that expected by the flight program. Subsequent readings exhibited no 
disagreements and therefore, the A counter readings were used for the re- 
mainder of the mission. 
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During translunar coast, LVDC Error Monitor Register Sits 1 and 15 were 
set indicating two separate disagreements in two triple redundant signal 
paths between the LVDA and LVDC. System operation was not affected. 


10.2 GUIDANCE COMPARISONS 


The postflight guidance error analysis was based on comparisons of the 
ST-124M-3 platform measured velocities with the postflight trajectory 
established from external tracking data (see paragraph 4.2). The velocity 
differences shown in Figure 10-1 are characteristic of platform system 
errors. The comparisors made and reported herein are referenced to the 
AS-507 final (14 day) -ostflight trajectory. The boost-to-parking orbit 
portion of the trajectory was a composite fit of C-Band radar data. The 
parking orbit trajectory was generated from an orbit fit of Bermuda (BDA), 
Carnarvon (CRO) and Merritt Island Launch Area (MILA) C-Band radar. The 
second burn trajectory was constructed from platform measured velocities 
constrained to orbital solutions. 
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Figure 10-1. Trajectory and ST-124M-3 Platform Velocity Comparison 
(Trajectory Minus Guidance) 
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Figure 10-1 presents the comparisons of the platform measured velocities 
with corressonding values from the postflight trejectory. A positive 
difference indicates trajectory data greater than the platform measurement. 
The velocity differences at first S-IVB Engine Cu off (ECO) were -0.76 m/s 
(-2.49 ft/s), 1.84 m/s (6.04 ft/s), and -1.34 m/s (-4.40 ft/s), for verti- 
cal, crossrange, and downrange velocities, respectively. Althouch these 
velocity differences are relative'y small and within specification, the 
difference in the downrange component is the largest value for that 
component observed on a Saturn V flight. The trajectory for the remainder 
of the mission was relatively insensitive to crossrange velocity differences. 
An error analysis based on the velocity differences shown in Figure 10-1 
indicates all hardware errors were very small except for the downrange 
accelerometer. Table 10-1 presents the velocity differences at first 
S-IVB cutoff for each of the Saturn V flights. 


The platform velocity comparisons shown for the second S-IVB burn in 

Figure 10-2 reflect differences in initial state vectors for the second 
burn computed by the LVDC and postflight trajectory program. The LVDC 
state vector was in error aS a result of an initial error at initialization 
Cf orbital navigation and e~proximately 35,585.8 N-s (8000 Ibf-s) (4.4 per- 
cent) low in total impulse due to LH venting. The crossrange and the 
downrange velocicy differences shown in Figure 10-2 are not realistic, 


Table 10-1. Saturn V Platform Velocity Differences at First S-IVB ECO 
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Figure 10-2. Trajectory and ST-124M-3 Platform Velocity Comparisor - 
Second S-IVB Burn (Trajectory Minus Guidance) 


because there was no ground tracking during Time Base 6 (Tg). Therefore, 
the trajectory state vector may not be a reliable reference. The charac- 
teristic velocity determined from the platform velocities during second 
burn was very near nominal. LVDC velocity was 0.46 m/s (1.51 ft/s) higher 
than the postflight trajectory indication and 0.5 m/s (1.64 ft/s) Tower 
than the operational trajectory. 
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Velocities measured by the ST-124M-3 piatform system are shown for 
Significant event times in Table 10-2 along with corresponding values 

from both the postflight and operational trajectories. The dif. erences 
between the telemetered velocities and the postflight trajectory values 
reflect some combination of sn.all guidance hardware errors and tracking 
errors. The differences between the telemetered and operational trajectory 
values indicate differences between predicted and actual flight environ- 
ment and vehicle performance. 


Comparisons of navigation (PACSS 13 coordinate system) positions, velo- 
cities, and flight path angle at significant flight event times are pre- 
sented in Table 10-3. The guidance (LVDC) and postflight trajectory values 
are in relatively good agreement for the boost-to-parking orbit burn mode. 
However, the downrange velocity component errors are larger than those 
observed on previous Saturn V flights. Aithough the differences are wel! 
within 3-sigma specifications and the accuracy of the data compared, 
component error buildup during Earth Parking Orbit (EPO) are more sensitive 
to downrange initial errors than to either of the other components. 

Figure 10-3 shows the buildup of the velocity differences during EPO. 

Sinc~ Tg was not covered by either telemetry or tracking, comparisons are 
shown at ignition or second S-IVB burn. The difference in total position 
and velocity at second ignition is verv small, but the component differ- 
ences are rather large. The effects of these second burn initial errors 

on the state vector at TLI are discussed helow. 


10.2.1 OMPT/LVDC Navigation State Vector Differences 


The differences between Observed Mass Point Trajectory (OMPT) tracking 
data (postflight trajectory) and LVDC telemetry as discussed in para- 
graph 4.3.5 were within 3-sigma tolerances. The LVDC state vector, 
which was used to determine the duration of second midcourse Auxiliary 
Propulsion System (APS) ullage engine burn revealed that the L.VDC had 

a total velocity magnitude 5.7 m/s (18.7 ft/s) qreater than the velocity 
obtained from tracking data (see Table 10-4). A velocity error greater 
than approximately 4 m/s (13 ft/s) would prevent slingshot. The veloc- 
ity tolerance is not precisely 4 m/s (13 ft/s) because of slight differ- 
ences between telemetered and tracking values cf geocentric radius and 
inertial flight path angle. 


Comparisons of free-trajectcry simulation runs from the OMPT and LVDC state 
vector at parking orbit insertion to Tg revealed component position and 
velocity differences which were very close to those observed between the 
LVDC and OMPT as shown in Tables 10-5 and 10-6. These differences are 
propagated through the simulated S-IVB second bur to approximately the 
same differences which existed between telemetered and tracking data 

at TLI +23 seconds as shown in Taole 10-4. 


Table 10-2. Inertial Platform Velocity Comparisons 
(PACSS 12 Coordinate Sys tem) 


VELOCITY M/S (FT/S) 


SO) 











EVENT ; DATA SOURCE VERTICAL CROSSRANGE RANGE - 
| _ (im) (Ym) (im) 
Guidance -7.05 2222 W 
(-23.13) (7292.98) | 

Sec Post flight -6 88 2222.77 
OECO Trajectory (-22.57) (7292.55) 
Operational ~0.87 2234.39 

Trajectory © (-2.85) (7330.68) 

































3405 . 80 
(11,173.88) 


6797.08 
(22,300.13) 


Guidance 






S-I1 Postflight 3405 .09 6796.28 
Or cO Trajectory { (11,171.56) (22,297.51) 
Operational 3393.42 6811.54 
Trajectory { (11,133.27) (22,347.57) 









7603.85 
(24,947.01) 


3185.10 
(10,449.80, 


Guidance 



















First S-IVB Postflight 3184.35 7602.55 
ECO Trajectory | (10,447.34) (24,942.75) 
Operational 3174.08 7601.07 

(10,413.65) (24,937.89) 


Trajectory 

















Guidance 3184 .60 1.00 7605 .50 

| (10,448.16) (3.28) | (24,952.43) | 
Parking Orbit] Postflight 3183.82 2.83 7604.20 
Insertion Trajectory | (10,445.60) (9.28) | (24,948. 16) 
Operationai 3173.53 1.50 7602 .61 
Trajectory | (10,411.84) (5.12) | (24,942.95) 

































Guidance 2401.85 516.50 2006. 80 

(7880.09)| (1694.55) (6583.99) 

Second Postflight 2402 . 38} 514.5] 2005.69 
S-IVB ECO* Trajectory (7881.82){ (1688.02) (6580. 35) 
Operational 2407.53 518.02 2001.34 

Trajectory (1699.54) (6566.08) 







Guidance 517.65 2009.55 
































(1698. 33) (6593.01) 

Translunar Postflight 515.72 2008. 37 
Injection*® Trajectory (1691.99) (6589.14) 
Operational 519.04 2003.78 

Trajectory (1702.89) (6574.08) 













*Second burn velocity data represent accumulated velocities from 


Time Base 6. 
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Table 10-3. Guidance Comparisons (PACSS 13) 
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(302.13) 21,918.21) [(22,831.73, 
48.65 | 6698.44 | 6976.37 
(290.85) (21,976.51) '(22,888.50) | 
77,73 TOG 2 7791 4) 
(255.02) 23,0 -.29) (25, ee ae 
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76.56 6977.20 7793.11 
(251.18) 22,891.08} !(25,567.95) 
78.28 6975 96 7792.50 
1256.82) (22,887.01) |(25,565.94) 
77 .08 6987.91 | 7792.02 
(<2?.89) (22,926.21) | (25,567.65) 
113.55 4068.49 7790.28 
(372.54) 13,348.06) |(25,560.63) 
115.03 4104 56 1789.39 
(377.40) (13,466.40) |(25,555.74) 
113.50 1653.36 7790.38 
(372.36) (13,298.36) 
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m—me-—— 124 (DONNRANGE) 
mes *¥ (CROSSRANGE ! 


m/s 


VELOCITY DIFFERENCE, ft/s 


VELOCE TY DIFFERENCE, 





Figure 10-3. Parking Orbit Velocity Comparisons (OMPT Minus LVDC) 
Table 10-4. State vector Comparisons at TLI +23 Seconds (10,417.19 Seconds) 


5 969 800 | 

(19,585 ,958) as. 35,420) (70. ia) 
1720 2580 

(5643). (8465S) (-2822) 
-3,225,860 -3,256 ,700 30,900 
(-10,583,333) (-10, 684.712) (101,279) 

6 613.27 6646.46 233.19 
(21,697.08) (21,805.97) (~108 .89) 
669.21 669.98 -0.77 
(2195.57) (2198.10) (-2.53) 
8454.77 9435.85 18.91 
(27,738.75) (27,676.67) (62.06) 
10,754.82 10,760.53 -5.71 
(35,204.84) (35,303.58) (-18.74) 


V.. m/s 1.76 
“QNPT state vector at varth parking orbit crojected on through TLI. | 
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Tabie 10-5. OMPT/LVDC State Vector Differences at 703 Seconds 
| (Near Parking Orbit !nsertion [POI ]) 


omet __| CORRECTED OMPT 
"PARAMETER (aD DAY) TELEMETRY MINUS LVDC MINUS LVOC 


, meters 5 889 ,520 5 ,889 ,800 -280 -150 
(€t) (19,322,572) (19,323,491) (-919) (-492) 


meters 92,2206 91,900 520 520 
(ft) (303,215) (301 509) (1706) (1706) 
meters 2,894,230 2,894,700 -479 -240 
(ft) (9,495 ,505) (9,497 ,047) (-1542) (-787) 
m/s - 3439.28 ~ 3438.24 -1.04 | -0.72 
(ft/s) (-11,283.73) (-11,280. fe (-3.42) (-2.36) 
m/S 78.75 | 77.0 | 1.73 1.72 
(ft/s) : (258. 27) (252. é9) (5.68) (5.64) 
» m/s 6991.90 ~ 6993.2) -1.31 -0 . 8€ 
(ft/s) (22,939.30) (22,943.60) (-4.30) (-2.82) 


, m/s 7792.50 7793.10 -0.€0 -0.44 
(ft/s) (25,565.90) (25,567.91) (-2.01) (-1.44) 





Table 10-6. OMPT/LVDC State Vector Differences at 9812 Seconds 
(T¢ +348 Seconds ) 


60 SIMULATION* 
“To [ts [ate [ae nt 


x, meters 1,826 ,400 1,790,000 . 39,790 
Ss” (ft) (5,992,126) (5,872,703) fina) (130,545) 
Y_, meters -130 1.00 -128,900 : -1100 -1150 
Ss” (ft) ao _ (-422,900) (-3609) (-3773) 
Z_, meters -6 ,313,4 6,323,900 | 10,500 11,360 
s' - (-20 313 288) (-20,747 ,703) (34,448) (37,270) 
Xx, 7484.60 7497.26 12.66 11.74 
: tet/s) (24,555.77) (24,597.31) (-41.54) (-38.52) 
Y., aS 76.38 75.21 7 1.17 1.18 
i (ft/s) (250.59) (246.75): (3.84) (3.87) 
2, w/s | 2157.89 2116.48 41.41. 45.25 
s" (ft/s) (7079.69) (6943.83) (135.86) (148.46) 
Vo. ws 7789.83 7790.64 -0.81 0.05 

(ft/s) (25,557.19) (25,559.84) (-2.65) (-0.16) 





* «PT state vector at earth parking orbit projected on through TLI. 
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The significant state vector differences at parking orbit insertion may 

be correlated with a Z (downrange) accelerometer scale factor gain error. 
For AS-507, simulations show that the probability of achieving slingshot 
would be less than 50 percent with a nominal APS burn if the scale factor 
error approaches the 3-sigma value. This error exceeded the 3-sigma value 
during boost to parking orbit. During the prelaunch ST-124M-3 system test 
and checkout the Z accelerometer scale factor gain error was approximately 
10 percent above its test specification (almost twice 3 sigma). An Un- 
satisfactory Condition Report (UCR) was generated and a specification 
waiver was approved based on primary mission requirements. 


Initial impulse from venting thrust was approximately 35,535.8 N-s 

(8000 Ibf-s) less than the programed value of 824,923 N-s (180,450 Ibf-s) 
which was 4." percent less than that programed. This low impulse is in- 
dicated by the thrust curve shown in Figure 10-4. The total velocity 
gained from venting was very close to the predicted value but it was 
accumulated more slowly which caused component velocity errors. 


Table 10-7 summarizes the contributing factors to the space-fixed naviga- 
tion vector differences between the OMPT and the LVDC up to the second 
S-IVB stage burn period (Te +348 seconds). The table shows the error 
contributors to the difference of the two vectors at the end of the first 
boost period (700 seconds). The OMPT vector was then corrected by the 
identified error by inspecting the component difference curves. The 
resulting vector difference at Tg +348 seconds was caused by the initial 
hardware errors during th> boost period, the vent differences, and the small 
OMPT error. Table 10-8 summarizes the navigation state vector differences 
from parking orbit insertion to translunar coast. 


em PREDICTED 
——— PROGRAMED 30 
——— ACTUAL (FROM 
GUIDANCE ) 
\ 40 
f 


THRUST, N 
ie 
= 


"a 2000 3000 4000 5000 6000 7000 =: 8000 9000 10,°90 
RANGE TIME, SECONDS 


Figure 10-4. LHo Continuous Vent Thrust During Parking Orbit 
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Table 10-7. Contributing Factors to Space Fixed Navigation Vector 
Differences During Parking Orbit 


. 5 aY big aks avs ads avy 
ERROR S RCE METE meTehs | reTERS M/S w/e 4/5 8/5 
{*T) (FT) ‘ia (FT/S) (FT/S) (FT/S) (FT/S) 
PRTAARY : 


Parking Ordit Inse-tion 
Vector Error Con‘ributors - 


ST-124".3 -0.34 
" . (-1.11) 
Trecking* -140 : -2% . 0.0 -0.44 -0.3% 
(-1.2) 
TOTAL (700 sec) 
{OMPT-i" IC) 





Result : vector Error 
at Tj, 32 seconds 


"120823 






22 ,800 
(74,803) 







ventiatg 13,000 4900 
(£2,681) (16,076) 


Tracking*** 





600 -1 
(1969) (- 3593) 


TOTAL ** 36,400 
DELTA (OMPT-LVOC) (119,423) ( 


“Estinated by inspecting difference curves. 
**Total difference accumulated to 9812.0 seconds using corrected OMPT at 700 seconds. 
*etyalues based on corrected OMPT start point. 








Based upon examination of the achieved end conditions, all functions of the 
IU/LVDC/LVDA guidance and navigation scheme were performed predictably and 
satisfactorily. Errors in accelerometer scale factor or bias approaching 
the 3-sigma values, particularly in the downrange accelerometer, are criti- 
cal (when not oroperly accounted for) when velocity constraints similar to 
those for sli: gshot on AS-507 are necessary. 


10.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION 


The flight program minor loop detected apparent error conditions twice 
during the mission at 36.6 seconds and 10,023.6 seconds. However, the 
natures of the conditions were different. In the first, a Y (pitch) fine 
gimbal angle reading exhibited a change between successive minor ljoops of 
2.815 degrees. The maximum reasonable change for the minor loop pitch 
reading is 0.4 degree. The reading was, therefore, rejected and the 
preceding reasonable pitch gimbal value was used for attitude error 
calculations in the minor loop. No disagreement between the two pitch fine 
gimbal angle counters was detected. The subsequent readings were reason- 
able. The reading did not represent vehicle motion; the true nature of the 
change is not known. The most probable explanation is an electrical 
transient occurring during the sampling function. An examination of the 
mechanism is in progress. | 
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At 10,023.6 seconds following entry into Tg, an unexpected zero reading 
was encountered in the Z (yaw) gimbal angle. This was caused by two 
successive zero gimbal readings while the minor-loop Chi and Theta (about 
that axis) differed by more than 0.06 degree. The zero readings were the 
result of proper hardware functions. However, the limit of 0.06 degree 

is a bocst setting for use during active Thrust Vector Control (TVC). 

It replaced the orbital coast value of 1.2 degrees at Tg -9 seconds during 
the conversion to boost routines in preparation for second burn. At the 
time of the error indication, the vehicle attitude was being controlled 
with the APS, and the vehicle was drifting in the system null region. 
Since the attitude error exceeded 0.06 degree with no change in the ginbal 
reacings, the zero gimbal reading occurred and caused the minor loop error 
telemetry. System operation was unaffected. The coast limit of 1.2 
deorees should be continued until the boost period is entered. 


The active guidance phases start and stop times are given in Table 10-9. 
The rate-limited attitude commands for S-IVB first burn are given in 
Figure 10-5. The actual from predicted differences were attributed to 
variaticns in flight environment and performance. The corresponding 
attitude commands for S-IV8 second burn are given in Figures 10-6 and 10-7. 
The differences in actuai from predicted values were due to slight naviga- 
tion errors and stage performance variations. | 


Orbital guidance events were accomplished satisfactorily. All S-IVB stage 
first and second burn guidance parameters indicate satisfactory operation. 
The orbital insertion conditions after S-IVB first. burn are given in 
Lei agli The TLI parameters after S-IVB second burn are given in 

able 10-11. 


10.4 GUTDANCE SYSTEM COMPONENT EVALUATION 
10.4.1 LVDA and LVDC Performances 


At 37.01 seconds, the flight program correctly detected a disagreement of 
nine pulse counts in the A and B velocity accumulations from the Z (down- 
range) accelerometer. The maximum allowable difference was two counts. 
As a result, the flight program selected the accumulation nearer the 
computed expected value (B counter). Subsequent readings exhibited no 
disagreements and the A counter readings were used for the remainder of 
the mission. The program reaction was proper and prevented the accumula- 
tion cf velocity from an unreasonable counter reading. The erroneous 
accumulation in the Z accelerometer A counter could have been caused by 
an electrical noise spike at the input to the LVDA. 
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Table 10-8. OMPT/LVDC Navigation State Vector Difference Summary 


PARKING FREE 


PARAMETER ORBIT Te. +348 TRAJECTORY VENTING DUE TO INITIAL VENTING ERROR P 
INSERTION secolos (OMPT)| SIMULATION® ERROR STATE VECTOR BER Oe 
(OMPT MINUS LVDC)] MINUS LYOC) KOMPT MINUS LvOC) ERROR®* 


DIFFERENCE TOTAL OLFFERE'CE TRANSLUNAR 
INJECTION 


23 SECO..0S 


60 SIMIILAT 70% 
#23 SECONDS 


TO LNITIAL STATE TRACKING 


MINUS LVOC 


Ranae Tire, sec 
ike, ve ters 
(ft) 
uVg » meters 
(ft) 


me ters 
(ft) 


7/$ 
( ft/s) 
m/s 
( ft/s) 
m/$ 
(ft/s) 


m/$ 
(ft/s) 


700.0 


280 
(-918.6) 


§20 
(1706) 


-470 
(-1542) 


-1.04 
(-3.41) 


1.73 
(5.68) 


-1.3) 
(-4.30) 


-0.70 
(+2.30) 


9812.0 


36 ,400 
(119 422.6) 


-1100 
(+3609) 


10 ,500 


(34,442 .8) 


-12.66 
(+41 ,54) 


1.17 
(3.84) 
41.4) 
(135.86) 


-0.81 
(-2.66) 


*Using uncorrected OPT at 700 seconds. 


** ‘sing corrected O''PT at 700 seconds. 




















Second Phase [GM 
Third Phase [GM 
Fourth Phase [GM 
Fifth Phase IGM 


559.53 
1,048.38 
10,146.07 


** Start orbital timeline. 


10 , 361 .84 








559,53 


10,146.07 


9812.0 


39 ,500 
(129,593) 


-1100 

(- 3609) 
12 ,400 
12.97 
(-42.55) 


1.22 
(40.0) 
44.97 
(147.5) 


0.10 
(-0,32) 








10,148.98 


9812.0 


13,000 
(42 ,650) 


300 
(984) 
4900 
(1607) 


-3.75 
(-12.3) 


0.44 
(1.4) | 


16.09 
(52.79) 


0.80 
(2.6) 


STEERING MISALIGNMENT 
CORRECTI uN 


* All times are for the start of the comp atic. cycle in which the event occurred. 


9812.0 


22 ,800 
(74 ,803) 


-1300 
(-4265) 


7000 
(22 ,966) 


-7.57 
(-24,84) 





VECTOR ERROR) 


9812.0 


36 ,800 
(117,454) 


- 1000 
(= 3280) 


11,900 
(39 ,042) 


“11.32 
(=37,14) 
1.27 
(4.17) 


41.93 
(137.57) 


0.99 
(1.94) 


Table 10-9. Start and Stop Times for 'GM Guidance Commands 


1GM PHASE ARTIFICAAL TAU 
(SEC) (SEC) 


First Phase 1GM 


10,417.2 


21,500 
(70,538) 
-830 

( -2822) 


30,300 
(101,378) 


-33.19 
(-106.9) 
-0.77 
(-2.5) 
18.91 
(62.04) 


“5.71 
(-18, 7° 














10,417.2 
22,400 
(23,523; 
2t30 
(@530 
32 200 
(105,643) 
22.53 
(93.69) 
0.92 
(0,97}— 
16.32 
(55.71) 
3.76 
(15.62) 





TERMINAL GUIDANCE CHI FREEZE 
(SEC) (SEC) 


695.76" 


10,384.12 °* 
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ATTITUDE COMMAND PITCH, deg 


V IGM INITIATION 

WY EMR SHIFT BEGIN CHI BAR STEERING 
V BEGIN CHI BAR STEERING 

W SECON ECO | 


PREDICTED 





———— ACTUAL 





-54 7 : 
10,920 0,060 10,100 10,140 10,180 10,220 10,260 10,200 10,340 1u,380 
| RANGE TIME, SECONDS 


2:47:20 2:48:00 2:48:40 2:49:20 2:50:00 2:50:40 2:51:20 2:52:00 2:52:40 — 2:53:20 


RANGE TIME :HOURS :MINUTES : SECONDS 


Figure 10-6. Pitch Attitude Angles During S-IVB Second Burn 


Launch vehicle digital computer Error Monitor Register bits 1 and 15 were 


set during the mission representing disagreements between TMR logic channel. 


signals of specific logic functions. Processed telemetry data indicates 
the following Error Monitor Register conditions: 


CASE ERROR MONITOR REGISTER PERIOD (Seconds) 
15 17,882.5 to 21,222.5 
2 15 andy - 21,222.5 to 22,933.5 


1 22 933.5 to (not defined) 
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ATTITUDE COMMAND YAW, deg 


IGM INITIATION 
EMR SHIFT BEGIN CHI BAR STEERING 
V BEGIN CHI BAR STEERING 





W SECOND ECO 
PREDICTED 
———-= ACTUAL 
20 









AR pt 
Seas 


RANGE TIME, SECONDS 


2:46:40 2:48:00 2:49:20 2:50:40 2:53:00 2:54:20 
RANGE TIME :HOURS : MINUTES : SECONDS 


Figure 10-7. Yaw Attitude Angles During S-IVB Second Burn 


Telemetered Error Monitor Register and Error Time Word (ETW) analysis 
_ indicates two failure points, one associated with data transfer from the 
LVDC to the LVDA, and a second associated with data address control for 


each logic signal. 


An open circuit failure mode was assumed, was effected 


in the laboratory by interrupting one of the TMR interface lines between 
the LVDC and LVDA, and was simulated by executing a digital simulation of 
the AS-507 mission from approximately 13,852 to 13,909 seconds. 
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Table 10-10. Parking Orbit Insertion Parameters 


_ 










































Space-Fixed Velocity m/s 7793.0 7792.5 -0.5 7793.1 0.1 

(ft/s) (25,567.6) (25 ,565.9) (-1.7) (25,567.9) (0.3) 
Flignt Path Angle, deg 0.0001 -0.014 -0.0141 -0.0003 -0.0004 
vescending Node, deg 123.146 123.126 -0.020 123.163 0.0 
Inclination, deg 32.545 32.540 -0.005 32.545 0.0 
Eccentricity 0.000064 0.00032 0.000316 0.90002 0.000016 





The resultant ETW and Error Monitor Register data decodes were identical 
to those observed in flight data. During simulation the logic signal 
disagreements were sensed at the same program instruction address points 
in the minor loop, data output, interrupt enabie, und interrupt processor 
routines. 


The signal paths between the LVDC and LVDA and the logic circuits within 
the LVDC/LVDA that are associated with the error conditions discussed 
above are triple redundant. Therefore, no degragation of the LVDC/LVDA 
function occurred. 


10.4.2 Ladder Outputs 


The ladder networks and converter amplifiers performed satisfactoriiy. No 
data have been observed that indicate an out-of-tolerance condition between 
Channel? A and the reference channel converter-amplifiers. 


10.4.3 Telemetry Outputs 


Analysis of the available LVDA telemetry buffer and flight control computer 
attitude error plots indicated symmetry between the buffer outputs and the 
ladder outputs. The available LVDC power supply plots indicate satis- 
factory power supply performance. The #60-603 guidance computer telemetry 
was completely satisfactory. 


10.4.4 Discrete Outputs 


No valid discrete output register words (tags 043 ard 052) were observed 
to indicate guidance or simultaneous memory failure. 


10.4.5 Switch Selector Functions 
Switch selector data indicate that the LVDA switch se’ector functions were 
performed satisfactorily. No error monitor words were observed that 


indicate disagreement in the TMR switch selecto~ register positions or in 
the switch selector feedback circuits. No mode code 24 words or switch 
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Table 10-11. Translunar Injection Parameters 


OPERATIONAL TRAJECTORY LVOC 
3.9 


Space-Fixed Velocity m/s 13,788.4 10, 786.8 -1.6 10,792.3 : 
(ft/s) (35,395.0) (35, 389.8) (-5.2) -35,407.8) (12.8) 
Descending Node, ae4 120.371 120 . 338 -0.033 120.376 0.008 
Inclination, deg 30 . 33€ 30.355 0.019 30. 343 9.007 
Eccentricity 0.97066 0.96966 -0.00100 0.97081 0.90015 
oe me /5¢ -1,773,597 -1 834,425 -60,828 1,768,879 8718 
(ft/s) (-19,090,839) (-19, 745 586) (-654 747) 





f-18 956,999) ($3,840) 


selector feedbeck words were observed that indicated a switch selector 
feedback was in error. In addition, no indications were observed to 
Suggest that the B channel input gates to the switch selector register 
positions were selected. 


10.4.6 ST-124M-3 Inertial Platform 


The inertial platform system performed as designed. The inertial gimbal 
temperature feil below specifications; however, there are no indications 
df degraded inertial perfonnance. The temperature went below the minimum 
specification of 313.15°K (104.Q°F) at about 8600 seconds and leveled off 
at 312.59°K (103.0°F) close to the value seen on previous flights. 


An apparer® Y (crossrange) velocity change of 1.1 m/s (3.6 ft/s) at 0.1 
second was probably caused by asymmetric sampling of an oscillating 
accelerometer being driven by liftoff vibration. There is no evideace of 
accelerometer head contact with a mechanical stop. 


After Command and S rvice Module (CSM) separation (after 15,500 seconds), 
the environmental cortrol parameters exhibited abnormal behavior. This 
Was attributed to the open IU receiving incident solar radiation. 


None of the above abnormalities affected the inertial platform or its 
performance. 
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SECTICN 11 
CONTROL AND SEPARATION 


11.1) SUMMARY 


The AS-507 control system, which was essentially the same as that of AS-506, 
performed satisfactorily. The Flight Control Computer (FCC), Thrust Vector 
Control (TVC), and Auxiliary Propulsion System (APS) satisfied all require- 
ments for vehicle attitude control during the flight. Bending and slosh 
dynamics were adequately stabilized. The prelaunch programed yaw, roll, 

and pitch maneuvers were properly executed during S-IC boc: t. 


During the maximum dynamic pressure region of flight, the launch vthicte 
experienced winds that were less than 95-percentile November winds. The 
maximum average pitch and yaw engine deflections were the result of wind 
shears. 


S-IC/S-II first and second plane separations were accomplished with no 
Significant attitude deviations. Related data indicate that the S-iC 
retromotors performed as expected. At Iterative Guidance Mode (IGM) 
initiation, a pitchup transient occurred similar to that seen on previous 
flights. During the eariv jortion of S-II] burn, the outboard engines were 


required to *ompensat: r a yaw thrust vector misalignment of the center 
engine. Foll- cngine Cutoff (CECO) there was a change in yaw © 
attitude due to t _.« i trim conditions. S-If/S-IVB separation 


occurred as expectec .ithout producing any Significant attitude deviations. 
The S-II retromotors and S-IVB ullage motors performed as expected. 


Satisfactory control of the vehicle was maintained during first and second 
S-1VB burns and during coast in Earth Parking Orbit (EPO). During the 
Command and Service Module (CSM) separation from the S-IVB/IU and during 
the Transposition, Docking and Ejection (TD&E) maneuver, the control system 
maintained the vehicle in a fixed inertial attitude to provide a stable 
docking platform. Following TD&E, S-IVB/IU attitude control was maintained 
during the evasive mefteuver, the maneuver to slingshot attitude, and the 
LOX dump and APS burns. 


13.2 S-IC CONTROL SYSTEM EVALUATION 
The AS-507 control system performed adequately during S-IC powered flight. 


The vehicle flew through winds which were less than 95 percentile for 
November in the maximum dynamic pressure region of flight. Less than 10 
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percent of the available engine deflection was used throughout flight 
(based on average engine gimbal angle). S-IC outboard engine cant was 
accomplished as planned. ; 


All dynamics were within vehicle capability. In the region of high dynamic 
pressure, the maximum angles-of-attack were 2.1 degrees in pitch and 1.3 - 
degrees in yaw. The maximum average pitch and yaw engine deflections were 
0.3 degree and 0.4 degree, respectively, in the maximum dynamic pressure 
region. Both deflections were due to wind shears. The absence of any 
divergent bending or slosh frequencies in vehicle motion indicated that 
bending and slosh dynamics were adequately stabilized. 


Vehicle attitude errors required tc trim out the effects of t’ rust imbal- 
ance, thrust misalignment, and control system misalignments were within 
predicted envelopes. Vehicle dynamics prior to S-IC/S-II first-plane 
separation were within staging requirements. | 


11.2.1 Liftoff Cleerances . 

The launch vehicle cleared the mobile launcher structure within the avail- 
able clearance envelopes. Camera data showing liftoff motion were not 
available for the AS-507 flight, but simulations with flight data show 
that less tr...» 10 percent of the available clearance was used. The ground 
wind was from the west with a magnitude of 6.8 m/s (13.3 knots) at the 
18.3 meter (60 ft) level. | 


The predicted and measured misalignments, slow release forces, winds, and 
the thrust-to-weight ratio are shown in Table I1l-1. 


11.2.2 S-IC Flight Dynamics | 7 . 


Maximum control parameters during S-IC bum are listed in Table 11-2. 
Pitch, yaw and roll plane time histories during S-IC boost are shown in 
Figures 11-1, 11-2, and 11-3. Dynamics in the region between liftoff and 
40 seconds result primarily from guidance commands. Between 40 and 110 
seconds, maximum dynamics were caused by the pitch tilt program, wind 
magnitude, and wind shears. Dynamics from 110 seconds to S-IC/S-II separa- 
tion were caused by high altitude winds, separated air flow aerodynamics, 
center engine shutdown, and tilt arrest. The transient at CECO indicates 
that the center engine cant was 0.13 degree in pitch and yaw. ei 


At Jutboard Engine Cutoff (ECO), the vehicle had attitude errors of -0.2, 
-0.2, and -0.1 degree in pitch, yaw, and roll, respectively. These errors 
are required tc trim out the effects of thrust imbalance, offset Center 
of Gravity (CG), thrust vector misalignment, and control system misalign- 
ments. The maximum equivalent thrust vector misalignments were -0.15, 
0.02 and 0.05 degree in pitch, yaw, and roll, respectively. 


Table 11-7. AS-507 Misalignment Surmary 


PREFLIGHT PREDICTED LAUNCH | 
PARAMETER | 
PITCH YAW ROLL PITCH | YAW ROLL 


Thrust Misalignment, | 
deg* | 





Center Engine Cant, 
deg 


Servo Amplifier 
Offset, deg/eng 


Vehicle Stacking and 
Pad Misalignment, 


deg 


Attitude Error at 
Holddown Arm 
Release, deg 


Peak Slow Release 415,900 (93,300) 
Farce Per Rod, 
N (1bf) 


Wind | 14.4 m/s (28 knots) 6.8 m/s (13.3 knots) 
| | at 18.3 meters at 18.3 meters 
(60 feet) | (60 feet) 


Thrust to Weight 1.391 1.214 
Ratio 


*Thrust m salignment of 0.34 degree encompasses the center engine cant. 
A positive polarity was used to determine minimum fin tip/umbilical tower 
clearance. A negative polarity was used to determine vehicte Ground Support 
Equipment (GSE) clearances. 
**Data not available. 


Table 11-2. Maximum Control Parameters During S-IC Burn 


PITCH PLANE YAW PLANE ROLL PLANE 


PARAMETERS Te 
MAGNITUDE The MAGNITUDE 





Attitude Error =). 05” 
Angular Rate 0.53 
Average Gimbal -0.39 
Angie 

Angle-of-Attack -1.48 
Angle-of~Attack, 4.02 
Cynamic Pressure 

Product 

Norma} 0.28) 


Acceleratior 





There was no significant sloshing observed. The engine response to the 
observeu slosh frequencies showed that the slosn was well within the 
capabilities of the control system. 


The normal accelerations observed during S-IC burn are shown in Figure 11-4. 
Pitch and yaw plane wind velocities and angle--of-attack are shown in 
Figure 11-5. The winds are shown both as determined from balloon and 
rocket measurements and as derived from the vehicle Q-ball. 


11.3 S-II CONTROL SYSTEM EVALUATION 


The S-II stage attitude control system performance was satisfactcry. 
Analysis of the magnitude of modal components in the engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance. The maximum values of 
pitch and yaw control parameters occurred in response to CECO. The 
maximum values of roll control parameters occurred in response to S-IC/S-I] 
separation disturbances. Tne control responses were within expectations. 


Between the events of S-iC OECO and initiation of IGM, the vehicle atti- 
tude commands were held constant. Significant events occurring duri%g 
this interval were S-IC/S-II separation, S-II stage J-2 engine start, 
second plane separation, and Launch Escape Tower (LET) jettison. the 
attitude control dynamics throughout this interval indicated stable 
operation as shown in Figures 11-6 through 11-8. Steady-state attitudes 
were achieved within 20 seconc. from S-IC/S-II separation. The maximum 
control parameter values for the period of S-IJ bum are shown in 

Table 11-3. 
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Pitch Plane Dynamics During S-IC Burn 
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Figure 11-4. Normal Acceleration During S-IC Burn 
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Figure 11-5. Pitch and Yaw Plane Wind Velocity and 
Free Stream Angles-of-Attack During S-1C Burn 
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Figure 1}-7. 
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Table 11-3. Maximum Control Parameters During S-II Boost Flight 
PARAMETER UNITS J wpowrtuue | RANGE TIME | MAGNITUDE | RANGE TIME MAGNITLUE | RANGE TIME 
| | : (SEC) (SEC) (SEC) 4 
7 deg sts 470 0.5 





Attitude Error 





P Attitude Rate deg ‘Ss | 0.8 47} | -0.1 1.7 166 
Sverage Gimbal deg -C.9 -1.3 166 
Angle | 

VY SIC/SII SEPARATION COMMAND W IGM PHASE 2 INITIATED. 
W IGM PHASE I INITIATED START EMR SHIFT 
VW SII CECO Y SII OECO 

MEASURED 


— — —— SIMULATED 


(POSITIVE CW VIEWED 


ROLL ATTITUDE ERROR 
FROM REAR), deg 


ROLL BODY RATE 
(POSITIVE Cw 


VIEWED FROM 
REAR), deg/s 
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Figure 11-8. Roll Plane Dynamic During S-IIT Bum 


* 


11-12 


fey 


At IGM initiation, the TVC received FCC commands to pitch the vehicle 

up. During IGM, the vehicle pitched down at a constant commanded rate of 
approximately -0.1 deg/s. The transient magnitudes experienced at IGM 
initiation were similar to those of previous flights. 


During the first portion of the burn the vehicle trimmed with a yaw 
attitude error uf 0.2 degree. This trim condition was required to balance 
the thrust vector misalignment of the center engine as well as other 
contributors. The center engine was not precanted to compensate for 
compliance deflection, and because of the location of the fixed links, this 
compliance effect occurred in the yaw plane. Following CECO, a new steady- 
state trim attitude error of -C.3 degree was established with a transient 
peak of -0.5 degree at 510 seconds. The deflections of the outboard 
engines in yaw at this time were the result of the change in trim conditions. 
The engine deflections in pitch were the result of a pitchup guidance 
command. 


Simulated and fiight data for pitch, yaw, and rol? plane dynamics are 
compared in Figures 11-6, 11-7 and 11-8, respectivety. The major differ- 
ences are as follows: Steady-state yaw attitude error caused by early 
CECO which reflects a higher compliance than predicted for the center 
engine; initial transients in the roll axis which could be attributed to 
uncertainties in thrust buildup of the J-2 engines; and steady-state 
attitude errors caused by engine location misalignments and thrust vector 
misalignments. 


17.4 S-IVB CONTROL SYSTEM EVALUATION 


The S-IVB TVC system provided satisfactory pitch and yaw control during 
powered flight. The APS provided satisfactory roll control during first 
and second burns. 


Control system transients at S-II/S-IVB separation and during S-IVB first 
and second burns at guidance initiation, Engine Mixture Ratio (EMR) shift, 
chi bar guidance mode, and J-2 engine cutoff were experienced as expected 
and were within the capabilities of the control system. 


14.4.1 Control System Evaluation During First Burn 


The S-IVB first burn attitude control system response to guidance commands 
for pitch, yaw and roll are presented in Figures 11-9, 11-10 and 11-11, 
respectively. The maximum attitude errors and rates occurred at IGM 
initiation. A summary of maximum values of the critical flight control 
parameters during S-IVB first burn is presented in Table 11-4. 


I-13 


IGM PHASE 3 INITIATED VY S-IVB FIRST ECO 


YW BEGIN TERMINAL GUIDANCE 


PITCH ATTITUDE 
ERROR (POSITIVE 
NOSE UP), deq 


PITCH ANGULAR 
RATE (POSITIVE 


STEER NOSE DOWN), deg NOSE UP), deg/s 


PITCH ACTUATOR 
POSITION (POSITIVE 





RANGE TIME, SECONDS 


Figure 11-9. Pitch Plane Dynamics During S-IVB First Burn 


The pitch and yaw effective thrust vector misalignments during first burn 
were 0.28 and -0.23 degree, respectively. A steady-state roll torque of 
8.5 N-m (6.3 Ibf-ft), clockwise looking forward, required roll APS firings 
during first bum. The steady-state roll torque experienced on previous 
flights has ranged between 61.4 N-m (45.3 lbf-ft) counterclockwise and 
54.2 N-m (40.0 Ibf-ft) clockwise. 


11.4.2 Control System Evaluation During Parking Orbit 


The coast attitude control system provided satisfactory orientation and 
stabilization of the vehicle in parking orbit. Pitch plane attitude 
control parameters during the maneuver to local horizontal following S-IVB 
first cutoff are shown in Figure 11-12. The maneuver to local horizontal 
was the only maneuver during parking orbit. 
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Roll Plane Dynamics During S-IVB First Burn 


Figure 11-11. 


Table 11-4. Maximum Control Parameters During S-IVB First Burn 
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Figure 11-12. Pitch Plane Dynamics During Coast in Parking Orbit 


11.4.3 Control System Evaluation During Second Burn 


The S-IVB second burn attitude control system response to guidance commands 
for pitch, yaw and roll are presented in Figures 11-13, 11-14 and 11-15, 
respectively. The maximum attitude errors and rates occurred at guidance 
initiation and EMR shift. A summary cf maximum values cf the critical 
flight control parameters during S-IVB second burn is presented in 

Table 11-5. 


The pitch and yaw effective thrust vector misalignments during second bum 
were approximately 0.38 and -0.32 degree, respectively. The steady-state 
roll torque during second burm ranged from 18.2 N-m (13.4 lbf-ft), clock- 
wise looking forward, at the 4.5:1.0 EMR shift to 19.0 N-m (14.0 Ibf-ft) 
at the 5.0:1.0 EMR shift. 
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Figure 11-13. Pitch Plane Dy..amics During S-IVB Second Burn 
11.4.4 Control System Evaluation After °-IVB Second Burn 


The coast attitude control system proviced satisfactory orientation and 
stabilization from S-IVB second cutoff through the last data available. 
Pitch, yaw, and roll control for spacecraft separation are shown in 
Figure 11-16 and for spacecraft docking in Figure 11-17. Yaw control 
during the evasive maneuver is shown in Figure 11-18. Figure 11-19 

shows pitch and yaw control for the maneuver to slingshot attitude. APS 
propellant usage for attitude control was less than the predicted nominal 
usage. 
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Figure 11-14. Yaw Plane Dynamics During S-IVB Second Burn 
11.5 SEPARATION 


S-IC/S-II separation and associated sequencing were accomplished as planned. 
Dynamic conditions at separation were within staging limits. Rate gyros 
and accelerometers located on the Instrument Unit (IU) showed no disturb- 
ances, indicating a clean severance of the stages. Data from the Exploding 
Bridge Wire (EBWY firing unit indicate that S-IC retromotor ignition was 
accomplished. The S-II ullage motors performed as predicted. Since there 
were no cameras on the S-II stage, calculated dynamics of the interstage 
and the S-II stage were used to determine if second plane separation was 
within the staging requirements. 
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Figure 11-15. Roll Plane Dynamics During S-IVB Second Burn 
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Tne S-II retromotors and the S-iVB ullage motors performed satisfactorily 
and provided a normal S-II/S-IVB separation. Dynamic conditions at separa- 
tion were within staging limits with separation conditions similar to those 
observed on previous flights. 


Separation of the CSM from the LV was accomplisned as planned. There were 
no large control disturbances noted during the separation. The attitude of 
the LV was adequately maintained during the ducking of the CSM with the 


Lunar Module (LM). 


The CSM/LM was then successfully spring ejected from 


the LV. There were no significant control disturbances during the ejection. 
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SECTION 12 
ELECTRICAL NETWORKS AND EMERGENC/ DETECTION SYSTEM 


12.1 SUMMARY 


The AS-507 launch vehicle electrical systems and Emergency Detection 
System (EDS) performec satisfactorily throughout all phases of flight 
except during S-IVB restart preparations. During this time the S-IVB 
Stage eiectrica] systems did not respond properly to durner LOX shut- 
down valve "CLOSE" and telemetry calibrzte "ON" commands from the S-IVB8 
Switch selector. Both of the command faliures were isolated to inter- 
mittent conditions in a bus module (40443A29) or the associated mating 
connector (404A3W1P29) located in the S-IVB sequencer. Operation of the 
batteries, power supplies, inverters, Exploding Bridge Wire (EBW) firing 
units and switch selectors was normal. 


12.2 S-IC STAGE ELECTRICAL SYSTEM 


The battery. voitages remained well within performance limits of 26.5 

to 32.0 vdce during powered flight. Battery currents were near predicted 
and below the maximum limit of 64 amperes for each battery. Battery 
power ccasumption was well within the rated capacities of the batteries 
as shown in Table i2-1. 


Tabie 12-1. S-IC Stsye Battery Power Consumption 


| POWER CONSUMPTION* 






















RATCD PERCENT 
BUS CAPACITY OF 
BATTERY DESIGNAT:ON |  (AMP-MIN) CAPACITY 





Operational 
Instrumentation 


*Battery power consumptions were calculated from power transfer 3 
until S-IC/S-1! separation. | 
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The two measuring power supplies remained within the 5 +0.05 vdc design 
limit. 


All switch selector channels functicned correctly, and alli outputs were 
issued within their required time limits in response to commands from 
the Instruvent Unit (IU). 


The separation and retromotor EBW firing units were armed and triggered 
as programed. Charging times and voltages were within predicted time 
and voitage limits. 


The command destruct EBW firing units were in the required state of 
readiness if vehicle destruct became necessary. 


12.3 S-II STAGE ELECTRICAL SYSTEM 


All battery voltages remained within specified limits throughout the 
prelaunch and flight periods, and bus currents remained within required 
and predicted limits. Main bus current averaged 36 amperes during S-IC 
boost and varied from 47 to 55 amperes during S-II boost. Instrumentation 
bus current averaged 23 amperes during S-IC and S-II beost. Recircula- 
tion bus current averaged $8 amperes during S-IC boost. Ignition bus 
current averaged 29 amperes during the S-II ignition sequence. Battery 
power consumption was well within the rated capacities of the batteries 

as shown in Table 12-2. 


The five temperature bridge power supplies, the three 5-vdc instrumentation 
power supplies and the five LHg recirculation inverters al! performed 
within acceptable limits. 


Table 12-2. S-II Stage Battery Power Consumption 


POWER CONSUMPTION*| TEMPERATURE 
PERCENT OF 
CAPACITY | MAX MIN 
Main 97.0°F | 87.0°F 


Instrumentation 88.0°F | 84.0°F 


Recirculation 88.5°F | 82.0°F 
No. | 


Recirculation 
No. 2 










RATED 
CAPACITY 
( AMP -HR) 









BATTERY 






*Power consumption calculated from -50 seconds. 
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All switch selector channels functioned correctly, and all outputs were 
issued within their required time limits in response to commands from 
the IU. 


Performance of the EBW circuitry for the separation system was satis- 
factory. Firing units charge and discharge responses were within 
predicted time and voltage limits. The command EBW firing units were 

in the required state of readiness if vehicle destruct became necessary. 


12.4 S-IVB STAGE ELECTRICAL SYSTEM 


The voltages and currents of the three 28-vdc batteries and one 56-vdc 
battery stayed well within acceptable limits as shown in Figures 12-1 
through 12-4. Battery temperatures remained below the 120°F limits for 
the powered portion of the flight. (This limit does aut apply after 
insertion into orbit.) The :.ighest temperature of 111°F was reached on 
Aft Battery No. 2, Unit 1, after S-IVB first burn cutoff. Battery power 
consumption is shown in Table 12-3. 


The three 5-vdc excitation modules operated as expected. The seven 
20-vdc excitation modules performed within acceptable limits. The LOX 
and LHa chilidown inverters performed satistactorily and met their load 
requirements. 


Performance of the EBW circuitry for the separation system was satis- 
factory. Firing units charge and discharce responses were within 
predicted time and voitage limits. The command EBW firing units were 
in the required state of readiness if vehicle destruct became necessary. 


The switch selector functioned correctly and all IU commands were properly 
executed, except as noted in the following paragraphs. 


Table 12-3. S-IVB Stage Battery Power Consumption 
RATED POWER CONSUMPTION** 


CAPACITY PERCENT OF 
BATTERY ( AMP-HRS )* AMP -HRS CAPACITY 





Forward No. | 144.4 48.1 
Forward No. ¢é 26.6 107.3 
Aft No. 1 104.2 34.7 
Aft No. 2 36.9 49.1 





*Rated capacities are minimum guaranteed by vendor. 
**Actual usage to 43,980 seconds (12:13:00) is based on flight 
data. 
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At 9965.7 seconds ‘2:46:05.7) the burner LOX shutdown valve "CLOSE" 

command was sent from the S-iVB switch selector; however, tne valve did 
not close. A subseauent ground command successfully closed the valve 

at 10,554.2 seconds (2:55:54.2). (See paragraph 7.6 for propulsion 

system effects.) Also, at 9864.8 seconds (2:44:24.8) the CP1BO multiplexer 
failed to responc when a telemetry calibrate "ON" command was sent from 

the switch selector. The DPIJBO multiplexer did respond. Both multiplexers 
responded to a telemetry calibrate “ON" command at (0,472.8 seconds 

(2:54: 32.8). 


both of the command failures were isolated to intermittent conditions 
in a common bus module (unit designation 404A3A29, MDAC P/N 1B57771) or 
the associated mating connector (unit designation 404A3W1P29, Bendix 
P/N SO286E-22-55S) located in the sequencer of the S-IVB aft skirt. 
These command circuits are sown in Figure 12-5. Further analysis 
indicated that the intermittent conditions were probably caused by a 
recessed socket or a missing socket retention spring in the 404A3W1P29 
harness connector. 


hr Tee Tae Bumee Lohse SevTOOMN VALVE CLOSE 
ote: - Coe 7a OFE 
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igure 12-5. Burner LOX Shutdown Valve "CLOSE" and ILM Calibrate 
"ON" Command Circuits 
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Tests are being conducted on similar bus modules and mating connectors 
to provide additional informatior. as to the possible cause of the 
intermittent condition. 


12.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 


Ail battery voltages and temperatures increased gradually from liftoff 

as expected. Voltages and currents remained normal on batteries 6D10 

and 6D30 during launch and coast periods of flight. Battery 6D40 voltage 
and current remained in the normal range throughout the expected period 
(predicted lifetime for battery 6D40 was 38,160 seconds [10:3€:00]). The 
6D40 battery indicated a gradual voltage drop beginning at approximately 
30,000 seconds (8:20:00) with a more rapid drop beginning at 36,000 seconds 
(10:00:00). The voltage level fell below the nominal range (28 +2 vdc) at 
approximately 39,300 seconds (10:55:50) indicating impending failure of 
battery 6D40. The dropping voltage was accompanied by a rising current 
until 39,9060 seconds (11:05:00) at which time the current also began a 
rapid decrease. Battery power consumption and estimated depletion times 
are shown in Table 12-4. Battery voltage, currents and temperatures are 
shown in Figures 12-6 through 12-8. 


The 56-vdc power supply maintained an output voltage of 55.7 to 56.7 vdc, 
well within the required toierance of 56 +2.5 vdc. 


The 5-vdc measuring power supply performed nominally, maintaining a 
constant voltage within specified tolerances. 


The switch selector, electrical distributors, and network cabling 
performed nominally. 


Table 12-4. IU Battery Power Consumption 


RATED POWER CONSUMPTION* ESTIMATED 

CAPACITY PERCENT OF LIFETIME 
BATTERY ( AMP-HRS ) CAPACITY (HOURS ) 
6Di0 


6D30 
6D40 


*Based on available flight data to 43,980 seconds (12:13:00). 
**Battery 6040 fell below the nominal range (28 +2 volts) at 
this time. 
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Figure 12-6. Battery 6D10 Voltage, Current and Temperature 
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Figure 12-7. Battery 6D30 Voltage, Current and Temperature 
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Figure 12-8. Battery 6D40 Voltage, Current and Temperature 
12.6 SATURN V EDS 


The performance of the AS-507 EDS was normal and no abort limits were 
exceeded. EDS related sequential events and discrete indications 
occurred as expected. The performance of all thrust OK sensors and 
associated voting logic, which monitor engine status, was nominal insofar 
as EDS operation was concemmed. S-II and S-IVB tank ullage pressures 
remained within the abort limits and displays to the crew were normal. 


The maximum angle-of-attack dynamic pressure sensed by a redundant 
Q-ball mounted atop the escape tower was 0.9 psid at 42 seconds. This 
pressure was only 28 percent of the EDS abort limit of 3.2 psid. As 
noted in Section 11, none of the tripie redundant rate gyros gave any 
indication of angular overrate in the pitch, yaw or rol] axes. The 
maximum angular rates were well below the aburt limits. 
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SECTION 12A 
TRIGGERED LIGHTNING PHENOMENON 


12A.t SUMMARY 


The Apollo i2 vehicle was launched in rainy weather after considera- 

tion of Launch Mission Rule 1-404, as shown on Table I2A-1. Shortly 

after 36.5 seconds into the flight, there were numerous space vehicle 
indications of a massive electrical disturbance, followed by a second 
disturbance at 52 seconds. The astronauts reported that, in their opinion, 
the vehicle had been hit by lightning. 


Data in the 36.5- and 52-second time periods were investigated regarding 
this problem. Camera data, telemetered data, and Launch Vehicle Data 
Adapter/Launch Vehicle Digital Computer (LVDA/LVDC) bit errors showed that 
the -ehicle had been struck by lightning at 36.5 Seconas. Virtually nc 
discernable effects were noted on the launch vehicle during the 52~second 
disturbance. Atmospheric electrical factors and the fact that the vehicle 
does not have the capacitanc2 to store sufficient energy to produce the 
effects noted indicate that the lightning discharge at 36.5 seconds was 
triggered by the vehicle. The 52-second disturbance may have been due to 
a lesser lightning discharge. 


The launch vehicle hardware and software suffered no significant effects; 


therefore, the mission proceeded as scheduled. There is no evidence of 
venicle pyrotechnics being endangerec due to built-in protection in the 


Table 12A-1. MSFC Launch Mission Rule 1-404 


SEVERE WEATHER: 


The vehicle will not be launched when its nominal flight o.th 
will carry it through a cumulonimbus (thunderstorm) cluud 


formaticn. 


REMARKS : 


The design of the Saturn V vehicle is such that it should not 
be subjected to launch during thunderstorm weather conditions. 
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circuitry. Some modification to present launch mission rules wil? be 
required to preclude launching of the vehicle when the probability of 
triggered lightning discharges is deemed unacceptable. 


T2A.2 REAL-TIME EFFECTS NOTED 


Apollo 12 was the first Saturn vehicle launched in the rain. Weather 
conditions at launch are described in Appendix A. it was decided to 
launch after consideration of Launch Mission Rule 1-404 (see Table 12A-1) 
regarding launch in severe weather. The rationale behind the Launch 
Mission Rule is described in Table 12A-2. 


Table 12A-2. MSFC Launch Mission Rule Background 
SYSTEM BACKGROUND DATA: 
SEVERE WEATHER 


Thunderstorms can be critical to space vehicle ground operations 
because high winds are to be expected in association with thun- 
derstorms and because associated large electrical potential 
gradients can create a safety hazard. These vehicle operational 
problems are made even more complicated because there is no 
known reliable method to predict (forecast) the maximum wind to 
be associated with a thunderstorm. Therefore, statistical 
methods are offered as techniques to determine the magnitude of 
the problem in a probabilistic sense, to establish calculated 
risk due to thunderstorm winds, and to form the basis for 
establishing launch mission rules. 


Thunderstorms are critical to vehicle launch because the Saturn 
1s not designed to fly through thunderstorms . Therefore, the 
present launch mission rule, relative to vehicle launch in 
thunderstorms, states: “Tne venicie wil! not be launched when 
its flight path will carry it through a cumulonimbus (thunder- 
storm) cloud formation." The basis for this rule is that such 
a cloud formation can he observed, and the rule can be objec- 


tively applied. 
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Shortly after 36.5 seconds into flight, it was reperted tnat the fuel 
cells in the Serv.ce Module (SM) were Gisconnected and that ail AC power 
in the spacecraft was lost. Also, numerous indicator lamps were illumi- 
nated at this time. It was later reported that the inertial measurement 
unit on the spacecr:ft had lost its inertial reference at 52 seconds. 

It was the cpinion of the astronauts that the vehicle had been hit by 
lightning. Investigation of this problem centered on data in the 36.5 
and 52-second time periods. 


1cA.3 CAMERA DATA INDICATIONS 


Analysis of all available cr und camera data indicated that there were 
two lightning discharges in the vicinity of tne launch pad during the 
36.5-second time period. One discharge forked into two branches with 
both branches apparently entering the ground. These lightning effects 
were observed by three cameras and by the vidicon. Although camera 
coverage was restricted due to tne low ceiling of 0.6 kilometer (2100 ft), 
every tracking camera showed two bright frames during this time period. 
The vidtcon also showed brightness on several frames preceding those 

on which the lightning strokes were visible. Trajectory data (Section 4) 
Show that the vehicle at this time was at 1.95 kilometers (6397.6 feet), 
in the clouds, and out of sight of the ground. A reconstruction of the 
lightning phenomenon based cn camera analysis is shown in Figure J2A-1. 


12A.4 LAUNCH VEHICLE DATA SYSTEM INDICATIONS 


l ‘unch vehicle telemetered data were examined in detail in the 36.5- and 
52-second time periods to determine effects that could be attributed to 
lightning or a static discharge. Forty-five measurements in the Instru- 
ment Unit (IU) experienced a disturbance in the 36.5-second time period. 
S-1VB data systems experienced disturbances at this time on all 15 single 
Sideband telemetry channels and on 45 Pulse Code Modulated (PCM) data 
samples. Three vibration measurements on the S-II stage were also affected 
at this time with one disturbance noted on the S-IC. At 52 seconds a 
disturbance was noted on one S-II vibration measurement. All of the dis- 
turbances noted were transients of variable amplitudes. No pattern was 
apparent either in geographical location or in the magnitude of the dis- 
turbance other thai most measurements affected being located on the upper 
two stages of the vehicle (IU and S-IVB). There was no damage or subse- 
quent data decradation noted. The nature and randomness of the transients 
are characteristic of effects caused by a massive external electrical 
disturbance such as lightning. 


12A.5 IU LVDA/LVDC INDICATIONS 
At approximately 36.6 seconds the LVDA pitch gimbal crossover counters 


indicated a change in excess of the acceptable 0.4-degree limit. At 37.01 
seconds, bit . in mode code 24 of the LVDC was also set because redundant 
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Figure 12A-1. Artist Concept of Lightning Phenomenon at 36.5 Seconds 
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accelerometer counters differed by 9 counts (maximum allowable difference 
is 2 counts). In both instances, the erroneous impulses are indicative 
Of a strong external electrical disturbance. Subsequent operation was 
normal. A more complete discussion of these performance variations is 
conta° red in Section 10. 


12A.6 VEHICLE PYROTECHNICS 


Theve is no evidence tnat vehicle pyrotechnics were endangered by the 
lightning discharge. The pyrotechnics normally are fired by discharging 
Capacitors in the Exptoding Bridge Wire (EBW) networks. These capacitors 
are normally uncharged and require 1.0 to 1.5 seconds to be charged to 
operating voltages. When operating voltage is attained, the devices still 
will not fire until a special trigger signal is received. If the trigaer 
signal is nut received, the capacitor charge is leaked to a safe value 
within 15 seconds. Since duration cf lightning is normally Jess than 

0.1 second and since the system must be electrostatically shielded to 
provide protection against Radiofrequency Interference (RFI) to meet 
specification requirements, the probability of spurious ignition of the 
EBW's is remote. 


12A.7 SUPPORTING ATMOSPHERIC ELECTRICAL EVIDENCE 


Discussions with authorities knowledgeable in the field of atmospheric 
electricity provided the following additional information relevant *t- 
the Apollo 12 lightning problem: 


a. Lightning discharges can be triggered by structures distorting a 
field of high potential gradient in the atmosphere. In this context, 
a triggered lightning discharge is one where the presence of a struc- 
ture causes the cischarge to occur as opposed to a natural discharge. 


b. Potential gradients of sufficient strength to induce lightning dis- 
charges can exist in clouds other than cumulonimbus clouds. 


c. The lightning discharae is preceded by a leader that may not be 
visible. These leaders occur within 0.1 second of the lightning 
discharge according to available evidence. However, large elec- 
trical charges are built up during the time prior to development 
of the leader. When branching is observed in a lightning discharge, 
the branches always point in the direction of propagation of the 
lightning. 


d. A laboratory test demonstrated that a charged capacitor discharges 
over a much greate: distance in the presence of a flame. This 
experiment substantiates the theory that the Apollo 12 flame plume 
contributed to the discharge. 
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Tre data do not indicate whether the discharge started at the top 
of the vehicl~ and then went down the plume cr if it started at the 
top of the pluwe and traveled bot ways. In either case, the elec- 
trical disturbance effect on Apolio 12 would have been the same. 
However, the charge at the top of the plume .s near neutral, and 
the enhancement factor associated with radius of curvature of the 
"Q" ball indicates that the probability is high that the discharge 
occurred to the top of the vehicle. 


To produce the effects noted on Apollo 12, the energy level due to static 
charge must have exceeded 10° joules and could have been as high as 108 
joules. Energy levels due to static charges on the Apollo oaturg vehicle 
from atmospheric effects and from flame ef‘ects must be below 10° joules 
because of the relatively small capacitance of the vehicle and leaking of 
of charge down the plume. 


Potential gradient measuring systems at KSC showed the existence of 
a high potential gradient on the ground, thereby indicating high 
electrical activity in the clouds. No evidence of natural lightning 
discharges in the local area was recorded on other instrumentation. 


12A.8 CONCLUSIONS 


Virtually no effects were noted on the launch vehicle during the 52-second 
time period. The following conclusions regarding this anomaly are there- 
fore pertinent only to the 36.5-second time period: 


a. 


No weather-related launch mission rule was violated on the Apollo 12 
mission. This conclusion is based on the following: 


1. The vehicle did not fly through cumulonimbus (thunderstorm) 
clouds. 


2. The reference to cumulonimbus clouds is primarily concerned 
with winds aloft. 


3. The reference to electrostatic potential is primarily concerned 
with ground safety. 


The vehicle was struck by a lightning discharge triggered by the 
vehicle itself. This conclusion is based on the following: 


1. The ionized gases in the flame plume contributed to the 
discharge. 


2. A fairly high current flow on or near the vehicle surface is 
evident. 
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Static charges on the vehicle would not have been sufficient 
to produce the effects noted. 


No lightning occurred in the 6-hour period prior to launch or 
in the 6-hour period subsequent to S-IC cutoff. ) 


The tendency of a space vehicle to encourage lightning where natural 
lightning discharge would not exist and the potential danger to the 
mission that results from this tendency indicate the necessity for 
some modifications to the present launch mission rules. The reasons 
for requiring modifications are as follows: 


Ve 


The launch vehicle is designed and tested to provide immunity 
from lightning phenomena in standby and storage. It is not 
designed to operate in the presence of a lightning discharge, 
however, because of computer sensitivity to induced fields 
greate~ than 1.5 gauss; it relies primarily on good design 
practices to minimize the effects of such an environment. 
Because of geonetry, the spacecraft is more vulnerable to 
lightning than is the launch vehicle. 


Tne launch vehicle is more likely to trigger lightning (and 
therefore be struck oy it) than is an airplane, because it 

flies at right angles to lines of equal potential instead of 
caralle' to them. While the lines of equal potent.al mey be 
vertically oriented, such an occurrence is normally accompanied 
by natural ligntni:g discharges and high turbulence of a 
thunderstorm that would readily indicate the excessive hazards 
associated with a flight oath through such a cloud cell for both 
an aircraft and the launch vehicle. 


Natural lightning is not requisite to the existence of a 
lightning hazard during vehicle boost or reentry. 


Consideration must be given to several factors to keep launch 
constraints reasonabie. These factors are as follows: 


Ais 


No one factor such as rain, cloud thickness, or the electro- 
Static potential measured on the ground necessarily indicates 
the presence or absence of a cordition hazardous to the vehicle. 
For example, the presence of rain does not in itself indicate 
the existence of a potential gradient sufficient for triggered 
lightning, and conversely, the absence of rain does not pre- 
clude the possible existence of such a gradient. All of the 
indicators, therefore, need to be analyzed to determine the 
probability of a potentially hazardous condition. 
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2. Because the potential gradien’. measuring system at KSC may not 
reliably show the existence of hazardous potential gradients 
aloft, additional ground and aircraft instrumentation may be 
required to provide better correlation between observed ground 
conditions and conditions aloft. These needs, however, require 
better definition and a critical evaluation. 


3. There is no way to assure a :00 percent guarantee that future 
vehicle launches will not encounter static discharges. How- 
ever, the triggered lightning occurrence and significant static 
discharge risks may be reduced if deemed unacceptable. 


4. round rules need to be established for interpreting data to 
assess the possibility of triggering lightning. At the same 
time, the rules must nct be so arbitrary tnat tney lead to an 
unnecessary launch hold. 


Permanent detrimental effects due to lightning discharge would not 

be expected on the hardware or pyrotechnics. The software, however, 
could be influenced because of computer sensitivity to induced fields 
greater than 1.5 gauss. 


A review of this anomaly with numerous authorities in the field of 
atmospheric electricity resulted in unanimous agreement that the 
evidence from vehicle measurements, atmospheric conditions, and 
experimental studies supports the conclusion that the vehicle was 
Struck by a lightning discharge triggered by the vehicle itself. 
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SECTION 133 
VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 


13.7 SUMMARY 


The S-IC base heat shield was instrumented with two differential pressure 
measurements, one of which failed. The data from the valid measurement 
show good agreement with data from AS-506. 


In general, the S-I1] heat shield forward face and the thrust cone static 
pressures fall within the data band of the previous flights. 


Acoustical measurements were made at 12 locations on the S-IVB interstage 
and aft skirt. Data for liftoff appear to be valid for all 12 measure- 
ments. Flight data after 15 seconds appear to contain questionable areas 
for some of the measurements because the measured environment at these 
locations was below the range of the instrumentation. 


13.2 BASE PRESSURES 
13.2.1] S-IC Base Pressures 


The S-IC base heat shield was instrumented with two differential ‘internal 
minus external) pressure measurements. Measurement number D0046-106 
failed on the AS-507 flight and is not shown here. The AS-507 data, 
Figure 13-1, show good agreement with AS-506 data. The peak differential 
of approximately 0.15 psid occurred at the same altitudes, and the magni- 
tudes and trends were consistent with the AS-506 flight. 


13.2.2 S-II Base Pressures 


The AS-507 forward face static pressure fell within the data band of the 
previous flights, as shown in Figure 13-2. The AS-50/ static pressure, 
prior to interstage separation, was approximately 15 percent lower than 
the corresponding AS-506 value. Good agreement was obtained between 
flight and postflight predicted values. 


The AS-507 thrust cone static pressures, Figure 12-3, fell close to the 
lover limit data band of the previous flights and were approximately 20 
percent below the corresponding AS-506 value prior to interstage separa- 
tion. 
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Figure 13-1. S-IC Base Heat Shield Differential Pressure 


Both thrust cone and heat snield forward face static pressures were ex- 
tremely low after interstage separation. Therefore, the pressure changes 
occurring during CECO, EMR shift, and engine cutoff are not apparent in 
the flight data. 


The postflight prediction and the AS-507 flight data for the heat shield 
aft face static pressure are shown in Figure 13-4. Also shown in this 
figure is the data band for the previous flights. The AS-507 flight pres- 
sure falls below this data band. This trend was not expected since the 
engines were angled closer together during the AS-50, flight than on any 
previous flight; therefore, higher pressures were anticipated. ‘iowever, 
since the transducer indicated a negative pressure prior to J-2 engine 
ignition and after engine cutoff, a bias was suspected. Prior to ignition, 
the normal pressure in the base region is approximately 0.02 psia as indi- 
cated in Figures 13-2 and 13-2. Therefore, the actual AS-507 pressure in 
this region could be C.02 psi higher than the transducer indicated value. 


13.3 ACOUSTIC ENVIRONMENT 
ee eae External Acoustics 


AS-507 external fluctuating pressures were measured at 12 vehicle statiors 
located on the S-IVB interstage and S-IVB aft skirt. The locations of the 
12 measurements are shown in Ficqure 13-5. All measurements returned data 
from liftoff through S-IC boost. Liftoff data appear to be valid for all 
12 instruments. All flight data, telemetered after approximately 15 
seconds, dropped below 140.7 decibels and remained under the measurement 
range for 2 of the 12 instruments. The remaining flight instruments con- 
tained varying amounts of underrange data. 
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Figure 13-2. S-I] Heat Shield Forward Face Pressure 


The vehicle external overall sound pressure levels at liftoff are shown 
in Figure 13-6. Predicted vaiues and previous flight data are included 
for comparison. Sound pressure spectral dens‘ties at liftoff are shown 
in Figure 13-7. Measurements B33-402 through B38-404, located near 
Position IV, show 3 to 4 decibels higher overall levels than the instru- 
ments located at or near Position lil. This condition is apparently due 
to the location of the flame trench at Position IV. Spectral shapes are 
generally consistent for al] instrumerts. 


Overall fluctuating pressure time histories for S-IC boost are presented 
in Figure i3-&. Flight data were telow the range of the instrumentation 
for measurements B28-402 and B32-402 and contained varying amounts of 
underrange data for measurements B31-402, B33-402, and 834-402. Pre- 
liminary inflight pressure spectral densities at or near maximum aero- 
dynamic noise leve’ are siown for 8 of the 12 measurements in Figure 13-9. 
Pressure spectrums are not included for those instruments where data 2:e 
underrange or questionaole at the time slice indicated. 
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Figure 13-3. S-II Thrust Cone Pressure 
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Figure 13-4. S-II Heat Shield Aft Face Pressure 


INSTRUMENT | VEHICLE STA INSTRUMENT | VEHICLE STA 
NUMBER METERS (iN.) NUMBER METERS (IN.) 


80028-402 64.72 (2548) | 80034-402 64.87 (2554) 


B0029-802 | 65.38 (2574) } BO03S-402 | 65.76 (2589) 
B00 30 - 462 65.76 (2589) § B0U36-402 69.24 (2726) 
B00 31 -402 68.86 (2711) | 80037-4064 70.36 (2771) 
B0032 - 402 69.42 (2733) | 80038-404 70.71.2784) 
B00 33-402 64.24 (2529) 4} BU039-408 70.71 (2784) 
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Figure 13-5. AS-507 Acoustic Instrumentation 
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Figure 13-6. Vehicle External Overall Sound Pressure Level at Liftoff 
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Densities at Liftoff (Sheet z of 2) 
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Figure 13-9. Vehicle External Fluctuating Pressure Spectral Densities (Sheet 1 of 2) 
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SECTION 14 
VEHICLE THERMAL ENVIRONMENT 


14 1 SUMMARY 


The AS-507 S-IC base region thermal environments have similar magnitudes 
and trends as those measured during previous flights. 


In general, base thermal environments on the S-II stage were similar to 
those measured on previous flights and were well below design limits. 

The tetal heating rate for the base heat shield on AS-507 was higher than 
corresponding values on previous flights. This was expected since the 
initial engine precant angle had been reduceu from 2.3 to 1.3 degrees 

for AS-507. 


Aerodynamic heating environments were not measured on AS-507. 
14.2 S-IC BASE HEATING 


Thermal environments in the base region of the S-IC stage were recorded 
by two total calorimeters and two gas temperature probes which were 
located on the base heat shield. Data from these instruments are compared 
with AS-506 flight data and presented in Figures 14-1 and 14-2. The 
AS-507 S-IC base heat shield thermal environments have similar magnitudes 
and trends as those measured during the preylous flight. The maximum 
recorded total heating rate was 26.3 Btu/ft“-s and occurred at 10.8 n mi. 
and the maximum recorded gas temperature of 1754°F occurred at 14 n mi. 
In general, Center Engine Cutoff (CECO) on AS-507 produced a spike in 

the thermal environment data with a magnitude and duration similar to 
previous flight data. 


Ambient gas temperatures under the engine cocoons (monitored by C242-101 
through -105) were within the range of previous flight data and within 
the predicted range. These temperatures are shown in Figure 14-3. 


14.3 S-II BASE HEATING 


Figure 14-4 presents total heating rate recorded by the calorimeter 
(C722-206) on the aft face of the base heat shield throughout S-II boost. 
The analytical prediction for this transducer and the AS-501 through 
AS-506 flight data are also shown in this figure for comparison. It is 
noted that the AS-507 total heating rate was higher than all other 
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TEMPERATURE, °K 





RANGE TIME, SECONDS 


Figure 14-3. S-IC Base Heating Ambient Gas Temperature 
Under Engine Cocoon 


corresponding values of the previous flight . This was expected since 


TEMPERATURE, °F 


the initial engine precant angle had been reduced from 2.3 to 1.3 degrees 


on this stage. However, the increase was not as large as the predicted 
value which was based on test data. The effects of CECO on the aft face 
heating rate was determined from 1/25 scale model data. 


Figure 14-5 shows the AS-507 flight and postflight prediction of the 
incident radiative heat flux to the base heat shield art face surface. 
The previous flight data band is also shown for comparison. 


Figure 14-6 shows the AS-507 flight and postflight prediction of the 
base region yas recovery temperature probe nistory. Also shown is the 
AS-503 through AS-506 flight daca bande. 


The predicted gas recovery temperature is obtained by analysis using the 
measured total and radiative heating rates on the base heat shield aft 
surface and the probe temperature. Note that the flight values are the 
probe temperature and not the gas recovery temperatures. 
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V S-I1 IGNITION 
W INTERSTAGE SEPARATION 





S-11 CECO 
EMR SHIFT 
VW S-If OECO 


| PREVIOUS FLIGHT DATA 
TRANSDUCER 
FLIGHT DATA (722-206 


————— PREDICTION 


HEATING RATE, Btu/ft<-s 


HEATING RATE, watt/cm¢ 


PANGE TIME, SECONDS 
Figure 14-4. Heat Shield Aft Heat Rate 


The probe and gas recovery temperatures were approximately 80°F higher 
than the corresponding AS-506 values prior to CECO. This was expected 
Since the outboard engines are closer to the center engine during S-II 


boost due to reduced engine precant. 
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VW S-II IGNITION 
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VY S-II CECO 
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FLIGHT DATA 
a———— PREDICTION 





HEATING RATE, watt/cme@ 





RANGE TIME, SECONDS 
Figure 14-5. Heat Shield Aft Radiation Heat Rate 


However, after CECO ard EMR shift, the gas recovery temperature was 
approximately 90°F lower than the corresponding AS-506 value which was 
contrary to the expected trend. This contrary trend could be accounted 
for by the higher tian normal measured radiation heating rate on AS-506 
which analytically yielded a high gas recovery temperature. 


HEATING RATE, Btu/ft¢-s 


There were no structural temperature measurements on the base heat shield 


and only three thrust cone forward s:' face temperature measurements for 
the base region. A maximum postflight predicted temperature was deter- 
mined for the aft surface of the heat shield using base heating rates 
predicted for the AS-507 flight. This predicted temperature was 982°F 
whicn compared favorably with maximum postfliaht temperatures predicted 
for previous flights. and was below the maximum design temperature of 
1550°F. The maximum measured temperature on the thrust cone by any of 
the three forward surface temperature measurements was 26°F. The 
measured temperatures were below design values and in good agreement 
with postflight predictions. 
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Figure 14-6. Heat Shield Recovery Temperature Probe 


14.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT 


The aerodynamic heating environments were not measured on the AS-507 
vehicle. Flight optical data or flow separation are not availabie for 
“71s flight. | 


Due to sir’iarity in trajectory data, aerodynamic heating and flow 
separation heating environments ave believed to be similar to that 
experienced by the AS-506 vehicle. 
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SECTION 15 
ENVIRONMENTAL CONTROL SYSTEMS 


15.1 SUMMARY 


The S-IC forvard compartment ambient temperatures were maintained above 

the minimum performance limit during the most severe phase of the AS-507 
countdown. ihe aft compartment environmental conditioning system main- 

tained the ambient temperature within design requirements during count- 

down. 


the S-II thermal control and compartment conditioning system apparently 
performed satisfactorily since the ambients external to the containers 

were nominal, and there were no problems with the equipment in the con- 
tainers. 


The Instrument Unit (IU) Environmental Control] System (ECS) performed 
Satisfactorily for the duration of the IU mission. There was evidence 
of direct incidence solar heating near panel 20, through the open end of 
the IU, after spacecraft separation. Components located in this area 
Showed an increase in temperature. However, none of the components 
cooled by the Thermal Conditioning System (TCS) showed performance de- 
gradation through 40,000 seconds of data, and all measurements were still 
within tneir operating limits , although solar heating did adversely 
affect the operation of components of tne Command and Communications 
System (CCS). During this period of solar heating, the gas bearing 
differential pressure decreased below the expected lower limit because 
of temperature effects of the Gas Bearing Supply System (GBS) GNo pres- 
Sure regulator. The performance of the ST-124M-3 platform was not 
affected by this decrease in pressure. 


$3.20 S-1C ENSTRONMENTAL CONTROL 


The most scvere forward compartment thermal environment occurs dur 2g J-2 
engine chilldown. The lowest ambient temperature measured during &S-°07 
J-2 engine chilldown was -67°F at instrument location C206-120, which 

was above the minimum performance limit of -90°F. During flight, the 
lowest temperature measured was -140.8°F at instrument location C206-120. 


The aft compartment environmental conditioning system maintained the 


ambient temperature within the design requirements during countdown. 
Prior to liftoff, the ambient temperatures ranged between 93.2°F at 
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measurement Cl107-115 ane /5.2°F at measurement C203-115. During flight, 
the lowest temperature recorded was 57.2°F at instrument location 
C203-115. 


15.3 S-11 ENVIRONMENTAL CONTROL 


The Engine Compartment Conditioning System maintained the ambient and 
thrust cone surface temperatures within design ranges throughcut the 
Taunch countdown. The system a’so maintained an inert atmosphere within 
the compartment as evidenced by absence of Ho or O29 indications on “he 
hazardous gas monitor. 


There were no therma! contre! container teniperature measurements; however, 
Since the ambients external to the containers were satisfactory and there 
were no problans with the equipmene in the containers, it is assumed that 
the thermal control systems performed adequately. 


15.4 IU ENVIRONMENTAL CONTROL 
13.4.1 Thermal Conditioning System 


Performance of the Thermal Conditioning System (TCS) was satisfactory 
throughout the mission. The temperature of the Methanol Water (M/W) 
coolant was continuously maintained within the required 45 to 68°F tem- 
perature band. 


Sublimator performance during ascent is shown in Sigure 15-1. The 

water valve was opened at 181.9 seconds allowing water flow to the sub- 
limator. The M/W coolant temperature began to decrease rapidly at about 
500 seconds as full cooling from the sublimator was established. The 
low cooling rate during the first 300 seccnds after the water valve 
opened is typical of a slow-starting sublimator and is not abnormal. At 
the first thermal switch sampling, the M/W coolant was still above the 
actuation point, and the water valve remained open. The second thermal 
Switch sampling was at 781.4 seconds, and the water valve was closed. 


Sublimator performance is shown in Figure 15-2 over the full time span 
for which data have been received. The data show normal M/W coolant 
temperature cycles up through 40,000 seconds of flight. 


Al! component temperatures remained within their expected ranges through- 
out the primary mission as shown in Figure 15-3. The ST-124M-3 internal 
gimbal temperature went below the operational temperature range (104°F) 
at about 8,600 seconds and ieveled off at 103°F, which 1s close to the 
value observed on previous flights. The temperature followed almost 
exactly the curve of AS-505 until the Evasive Attitude Hold maneuver and 
then began a steady warming trend after 16,620 seconds. There was evi- 
dence cf direct solar heating near panel 20, through the of2n end of the 
IU, after spacecraft separation (paragraph 16.4.4). The temperature of 
components Incated on IU panel 20 began increasing at about the same 
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TEMPERATURE, °K 


TEMPERATURE, °K 
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Figure 15-3. Selected Component Temperatures 
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time as the ST-124M-3 internal temperature. Also, the M/W control tempera- 
ture and other sublimator parameters indicated an increase in activity, 

and therefore, an increase in heatload. None of the components cooied by 
the TCS stowed performance degradation as a result of this heat load 
through 40,000 seconds of data, and all measurements were still within 
their operating iimits. The ST-124M-3 iaternal gimbal temperature was at 
its upper operationai value of 1I5°F. Fffects of this solar heating on 
components of the CCS system are discussed in paragraph 16.4.4. 


The TCs GN? supply sphere pressure decay was within the expected usage 


rate 


‘imits as shown in Figure 15-4. The change in slope from 15,000 to 


17,000 seconds was due <o the solar heating effects that occurred after 
Spacecraft separation. There were no adverse effects cn TCS performance 
as indicated by normal water accumulator and M/W accumulator pressures. 


19.4.2 


ST-124M-3 Gas Bearing System 


Performance of the GBS was satisfactory throughout the primary mission. 
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Figure 15-4. TCS GN. Sphere Pressure 
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The GBS GN2 Sphere pressure decay vas nominal up to spacecraft sesaraticn 
as shown in Figure 15-5. After spacecraft separation, there was an in- 
crease in G3S GNo sphere pressure due to solar heating; however, there 
was no noticeable effect on piatform performance. 


The ST-124M-3 gas bearing differential pressure is shown in Figure 15-6. 
The gas bearing differential pressure Gecreased below the expected lower 
limit at about 18,40C seconds; however, the perfor ance of the ST-124M-3 
platforr was not affected by this decrease in pressure. This decrease 
is attricuted to an increase in the gas bearing regulator temperature 
caused by high incident soiar heat rate. Previous component test data 
have shown that this is tho expected performance sf the regulator with 
an increase in conponent temperature. A modification is being considered 
on AS-508 to protect IU compone: ts from solar radiation through the open 
end of the IU. This modification consists of a thermal shroud and 1s 
discussed in naragraph 16.4.4. 
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Figure 15-5. GBS GNo Sphere Pressure 
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PRESSURE, psia 


SECTION 16 
DATA SYSTEMS 


16.1 SUMMARY 


All elements of the data system performed satisfactorily throughout flight 
except the Command and Communication System (CCS). During translunar 
coast, the CCS omni downlink antenna system failed, and the CCS uplink 
signal dropped out sconer than expected. 


Measurement performance was excellent, as evidenced by 99.9 percent 
reliability. This reliability is the same as on AS-506, when the highest 
reliability for any Satur V flight was attained. 


Telemetry performance was nominal. Very High Frequency (VHF) telemetry 
Radiofrequency (RF) propagation was generally good, though the usual 
problems due to flame effects and staging were experienced. Usable VHF 
data were received to 25,260 seconds (07:03:00). The Secure Range Safety 
Command Systems {SRSCS) on the S-IC, S-II, and S-IVB stages were ready to 
perform their functions properly on command if flight conditions during 
launch phase had required destruct. The system properly safed the S-IVB 
SRSCS on a command transmitted from Bermuda (BDA). The performance of the 
Command and Communications System (CCS) in the Instrument Unit (IU) was 
Satisfactory, except for the uplink and downlink problems noted. Usable 
CCS data were received to 43,980 seconds (12:13:00). 


Goldstone Wing Station (GDSX) received CCS signal carrier to 46,070 seconds 
(12:47:50). Good tracking data were received from the C-Baid radar, with 
Merritt Island Launch Area (MILA) indicating final Loss of Signal (LOS) at 
43,560 seconds (12:06:00). 


The 71 ground engineering cameras provided good data during launch. 
16.2 VEHICLE MEASUREMENT EVALUATION 

The AS-507 launch vehicle had 1402 measurements scheduled for flight; 
five measurements were waived prior to start of the automatic countdown 


sequence leaving 1397 measurements active for flight. Of the waived 
measurements, one provided valid data during the flight. 
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A summary of measurement performance is presented in Table 16-1! for the 
total vehicle and for each stage. Measurement performance was except- 
ionally good, as evidenced by 99.9 percent reliability. This reliability 
is the same as on AS-506, when the highest reliability for any Saturn V 
flight was attained. 


The waived measurements, totally failed measurements, and partially failed 
measurements are listed by stage in Tables 16-2 and 16-3. None of the 
listed failures had any significant impact on postflight evaluation. 


16.3 AIRBORNE TELEMETRY SYSTEMS 


Performance of the nine VHF Telemetry links was generally satisfactory 
with the minor exceptions noted. A brief performance summary of these 
links is shown in Table 16-4. 


Data degradation and dropouts were experienced at various times during 
boost as on previous flights cue to attenuation of RF transmission at 
these times, as discussed in paragraph 16.4.1. 


Usable VHF telemetry data were received to 25,260 seconds (07:01:00) at 
Guaymas (GYM). 


Performance of the CCS telemetry was generally satisfactory except for 

the period during translunar coast from 19,105.5 seconds (5:18:25.5) to 

25,741.9 seconds (7:09:01.9). This problem is discussed in detail in 

Thats ala Usable CCS data were received at GDSX to 43,980 seconds 
12:13:00). : 


16.4 RF SYSTEMS EVALUATION 
16.4.1 Telemetry System RF Propagation Evaluation 


The performance of the nine VHF telemetry links was excellent and generally 
agreed with predictions. Very high frequency telemetry link CS-] was 
added on AS-507. | 


Moderate to severe signal attenuation was experienced at various times 
during boost due to main flame effects, S-IC/S-II and S-II/S-IVB staging. 
S-II ignition, and S-II second plane separation. Magnitude of these 
effects was comparable to that experienced on previous flights. S-IC 
main flame effects caused loss of VHF telemetry data on the S-IC «end S-II 
Stages. At S-IC/S-II staging, signal strength on all VHF telemetry links 
and on the CCS downlink dropped to threshold for approximately 1.0 and 
12.5 seconds, respectively. Signal degradation due to S-II ignition and 
S-II flame effects was sufficient to cause loss of VHF telemetry data on 
the S-IC stage. Command and communication system data were lost during 
S-II second plane seraration. S-II VHF data were lost during S-II/S-IVB 
separation. In addition, there were intervals during the launch phase 
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Table 16-1. 


MEASUREMENTS 
CATEGORY 


Scneduled 
Waived 


Failures 


Partial Failures 


Reliability, 
Percent 


Table 16-2. 


MEASUREMENT TITLE 


CaGK~ 158 


Temperature, Oxidizer Pump 
Searing | 


C20$- 102 


| 
| 
bOV1-11% 


Temperature, Engine Gimbal System 
Return Pitcn Actuator 


Segment Identification Fue! 
Discrete 












CU. gees de Temperature, 104 Tans O1ffuser 
; inlet me Gas 
‘edb 1445, Miscellaneous 


Operational Telemetry 
Reflected RF Power 


KIL 


AS-507 Measurement Summary 


S-I] 


STAGE | S7AGE 





NATURE OF FAILURE 


~1C STAGE 


rn 


Erratic - Cycled when 
bearing neaters were 
cyclec 


Amplifier driven 
negative 


= 


Discrete 3 indicatea 
wet at all times 





S-1VB STAGE 


Measurement failed 
off-scale hiah at 
| aviotoximately -117§ 


seconds 


Cata were excessively 





wnen the PCM trans- 
mitter was operating 
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nign during the periods 


TOTAL 
VEHICLE 


AS-507 Flight Measurements Waived Prior to Launch 


REMARKS 


Rocketdyne transducer or cabling 
probiem. So Waiver-1-8-507-3 
(Open resistive element). 


Open cable at transducer 
(Inteaqral part of transcucer: 
KSC Waiver-1-5-507-4. 
Veasurement providea valio 
data throughout cowered 
fléght. SC vaiver 
i~3-507-1. 


| 
| Propable open transducer. 
i 


This miar reflected power was 
\eausea by improper isolation 
i PCM transmitter. 


Table 16-3. AS-507-Measurement Malfunctions 


~—— Eee 


{ EAS rp MQ ert DuRAT TON 
Ht. ME ASHRL PENT TETtE HATORE Of FT Pp Ley SATISFACTORY PEAR, S 
Ot RATION 





TOTAL MPASUREMENT FATT UPES FC STAG: 





PW? Tt - Prt | Pressure Differential, Measurement pegaed 8 secon ts fh seconds Possibly cap not 
Heat Shield positive at 1? seconds removed from one 
port oF sensn: 
clogged 


PARTIAL MEASUREMENT FAILIONES, S-1C STAGE 











AMI] - EDK Acceleration, ! Positive transcert of 150 seconds] Installation problem 
Longitudinal 3 5 Gpeak trom -2 to 
le seconds. 
(Hid Vora Pressure, Fuel Pump Very novsy - 39 percent Data Transducer or 
Talet } double amplitude noise usat le connector problem 
entire 
flisht 
RO37-V95 Terust O08 Pres.ure Indicated OFF at 43.9, 43.9, 61.2 Remainder 
Switch 2, tranene Nn 2 61.2 and 77.7 seconds. and 77.? G! flight 
seconds 
aL eae Helium Flaw Contesi Indicated erroneous 140.9 Remainder 
Valve & CLOSE OPER at 140.9 seconds of flight 







seconds = ~* 





COF Level Powition 
[1] Seosor Sequent 


Lone 19 Erratic counting -4&.39 to 158 
between € 39 and 3 ADP 3.R09 seconds| seconds 


seconds 
PARTIAL MEASUREMENT FAICURES, S-11 STAG 

















cOni-2n4 fuel “uep Discharge Intermittent Transducer 170 to { 0 to 176 Dete were saturated 
Tepe -sture output WM seconds seconds between 170 end 
end WS DS second. 
seconds to 
end of S-II 
OETO 





Trans 4tucer Failure WW) <seronds 300 Date usebie in area 
seconds of taterest 


Curd - 2a” 





Fye!l Turbine Inlet 
Temperature 















6429-206 Transducer Failure a! 26 serands 260 Partial date 


Step Pressure seconds 


PARTIAL PEASUPEMENT FAILUSTES, S-1VB STAGE 


02 Pressure @equlator 
Outlet Teaprrature 












fesced-alS Pressure - Jllage Isbalance th 4AM™) seconds 400 Slaw upward drift 
Comtro!) Chamber 2-4 OC amplifier Seconds of data frm. 400 


seconts ta end of data 






DOlOa -4u3 Pressure - Lh. Lotd-saab affect Ourina Be fore Gradual decrease 
Pressure Module on transduwer S- 1s and of data during 
Intet second after S-1¥8 secone 
bum 5-18 burn was invalid 


second because of cold- 
burn ‘soak affects on 
the transducer. 
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Table 16-4. AS-507 Launch Vehicle Telemetry Lirks 


FREQUENCY FLIGHT PERIOD 
(MHz) | MODULATION | STAGE (RANSE TIME. SCC) PERFORMANCE SUMMAPY 


Satisfactory 
Cata Dropouts 










Range Time (sec) Duration (sec) 







136.7 2.1 
162.8 1.0 
166.0 1.3 








FM/FM 772 
FM/FM 772 
PCM/FM 772 





Satisfactory 
Data Oropouts 






Range Time (sec) Duration (sec) 









131.4 6.0 
162.6 1.0 
753.2 3.7 












S-IVB}| Flight Ovration Satisfactory 
S-1VB Tea Data Dropouts 
Range Time (sec) Ouration (sec) 





162.6 1.0 








i } : FM/FM lu Flight Duration Satisfactory 
=] 245.3 PCM/Fe: iil Flight Duration 
DP-1B | 2282.5 PcM/EM | IU 43,980 Data Dropouts 
Range Time (sec) Duration (sec) 
162.5 (WHF) 1.0 
162.0 12.5 
193.5 2.0 
19,105.5 See 16.4.4 
21,237.3 | OP-18 See 16.4.4 
22,066.4 gf only See 16.4.4 
23,389.7 See 16.4.4 
25 546.4 See 16.4.4 
25 ,687 .4 See 16.4.4 
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where some data were so degraded as tc be unusable. Loss cf these data, 
however, posed no problem since losses were cf such short duration as tc 
have little or no impact on flight analysis. 


the performance of tle S-IVB and IU telemetry systems was nominal during 
Orbit, second burn, anc final coast. except for the CCS problem discussed 
in paragraph 16.4.4. 


Guaymas reported VHF LOS at 25,260 seconds (07:01:00), and GDSX reported 
CCS LOS at 46,070 seconds (12:47:50). 


A summary of available VHF telemetry coverage showing Acquisition of 
Signal (AOS) and LOS for each station is shown in Figure 16-1. 


16.4.2 Tracking Svstems RF Propagaticn Evaluation 


The C-Band radar operated satisfactoriiy during this flight, although 
several ground stations experienced some of the usual tracking problems. 


Tne Cape Kennedy (CNV), MILA, Patrick Air Force Base (PAFB), and Grand 
Turk Island (GTK) stations experienced problems during launch caused by 
balance .oint shifts (erroneous pointing information caused by a sudden 
antenna null or a distorted beacon return). Similar problems haye beer 
experienced during previous flights. The ground stations momentarily 
Switcned to skin track when this problem was observed. 


Cape Kennedy, MILA, and PAFB also experiencea some dropouts during launch 
due to the adverse weatner conditions. The only problems experienced 
during the second revolution occurred at the two BDA radar sites. The 
vehicle passed directly over the stations, and the resulting high azimuth 
rates at the maximum elevation angle (exceeded azimuth tracking rate 
capabilities of antennas) resulted in a 26-second dropout. 


The MILA TPQ-18 and BOA FPQ-6 radars tracked the veiicle during the trans- 
lunar coast period. Bermuda reported two dropouts caused by low signal 
Strength. This low signal strength was a result of the large slant range 
to the vehicle. Merritt Tsland launch area indicated final LOS at 43,560 
ceconds (12:06:00). 


A summary of available C-Band radar coverage showing ACS and LOS for each 
Station is shown in Figure 16-2. 


There is no mandatory tracking requirement of the CCS; however, tr. CCS 
transponder has turnaround ranging capabilities and provided a backup to 
the Command and Service Module (CSM) transponder used for tracking in case 
of failure or desire for a cross check. Since the same transponder is used 
for all CCS functions, discussion of the tracking performance of tnis 
System is ircluded in the general discussion of the CCS RF evaluation. 
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Figure 16-1. VHF Telemetry Coverage Summary 


16-7 


(7 PAPHING ORTIT INSERTION YZ 5-1v SECOND IGNITION 
7 REGEN S-EVB RESTART PREPAR*TIONS Ye TRANSLUMAR INJECTION 


VAN BES Tt 
ROA FP) -t. 
ZZ BOA PSY 
GIK TEQ-12 
maa FREFR FRQ-6 


Ud “NILA TP-18 


Lcd (NW EFS-T6 CRO FPOQ-6 

7) asda) ara) 1a00 7 Aw) II) J6H0G cM amu 5AQ0 6005 
RANGE TIME. St CONDS 

eS ae eee ee ee ee, ee a ee, eee 

() HIG aoe 20.00 0-30-60) «0:40:06 0:50:00 4:00:00 9:10:00 1.70:90) 10:00 -40:00 


RANGE TIME, HOURS -MINLTES : St CONDS 





VIISII ILL, FP S-16 
CZZZA NIN BDA FFQ-6 

BOA £PQ-6 Le 

HA FPS-16 
CZZZZ23 BOA FPS-16 
CZ VLA TPU-18 CZZZA iO §P0-6 
MILA TPQ-18 

4400) 6000 hod P2OL 780 RaUl 900) 9609 10 ,200 10,e00,—s17-, 400 


RANGE TIME, SECONDS 


3:10:00 


1:30:00 7:40 OF 158 DO 2500-00 2:10:00 7.20:00 2:30:00) 27:80:00 «2:50: = 3:00:00 
RANGE TIMt , HOURS MINUTES -SFCONDS 


WOE CLL Ez clccliciibciséddiesbdidididsidiééidiididas 0A SV" -* 


MILA 
PL ne bh bbccccccccdddddd ddddddddddidddtiihadddddddddédadiddiddidsasddiddddddddddidsdddddddddddidddddde .. 5 12 
i fe 12 


1 BGO 14 44 YB G0 74,609 PS 2G 78 AAO 32 40) 3H ga 34 tO 24 pan &@ ann 
RANGE TIMP SE CAND 


FAG pp -au- an 7340 0 


g-N0 aA ag-of 8 GOO 6 06-00 FUN AN RAE LON 9 Ra 16-8 00 
WANGE TOME | SQUIRS MTANLUTE, ST CANDY, 


Figure 16-2. C-Band Radar Coverage Summary 
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*4e4.3 Secure Range Safety Command Systems Evaluation 


Telemetered data indicated that the command antennas, receivers/decoders, 
Exploding Bridge Wire (EBW) networks, and destruct controllers on each 
powered stage functioned properly during flight and were in the required 
State of readiness if flight conditions during the launch had required 
vehicle destruct. Since no arw/cutoff or destruct commands were required, 
all data except receiver signal strength remained unchanged during the 
flight. At approximately 120 seconds, a momentary dropout occurred on the 
receiver signal strength measurements, when the command station switched 
transmitting antennas. Power to the system was cut off at 708.2 seconds 
by ground command from BDA, thereby deactivating (safing) the system. 

Both S-IVB stage systems, the only systems in operation at this time, 
responded properly to the safing comnand. : 


16.4.4 Command and Communication System Evaluation 


The command section of the CCS operated satisfactorily. Twenty-four 
commands were initiated by Mission Control Center-Houston (MCC-H) for 
transmission via three different ground stations, as shown in Table 16-5. 
The 24 commands consisted of 72 words. Of the 24 commands, 21 were 
accepted by the onboard equipment. Transmission of the three commands 
not received by the CCS occurred when the command subcarrier (70 kHz) 

or both the conmand subcarrier and the uplink carrier were out of lock. 


The RF portion of the CCS performed satisfactorily during boost and 
parking orbit with minor exceptions. Downlink dropouts occurred during 
$-IC/S-II staging and at S-II second plane separation, as on previous 
tiights. Station handovers were accomplished with very little data loss. 
Perfonnarce during second burn and during Translunar Injection (TLI) was 
nominal. 


Duriay translunar coast, the CCS RF performance was satisfactory until 
19,105.5 seconds (5:18:25.5) when a downlink dropout occurred while 
operating on the omni antenna. Subsequent to this, the CCS downlink 
antennas were switched by ground command 16 times per planned tests. 

Fach time the omni antenna was selected, there was a CCS downlink dropout 
as shown in Figure 16-3. The CCS downlink performance was nominal while 
on the low-gain und high-gain antennas. The loss of uplink signal to the 
CCS at 26,827 seconds (7:27:07) prevented any further commanding of the 
LVDC/LVDA via the command section of the CCS. Final CCS downlink LOS 
occurred at 46,070 seconds (12:47:50) as a result of battery depletion, 
while on low-gein antenna. 


The above noted uplink and downlink problems may have been caused by the 
overheating of the CCS omni antenna coaxial cables. AS-507 data indicate 
there was an unusual temperature increase in the area of the omni antenna 
coaxial cables. Films taken by the astronauts and sur angle calculations 
indicate that the sun was shining into the open end of the IU after CSM/LM 
final separation. This temperature increase is shown in Figure 15-3 and 
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Table 16-5. Command and Communication System Commands Historv, AS-507 
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the Iccations of the measurements with the most significant temperature 
increases are shown in Figure 16-4. All measurements in Figure 15-3 are 
moderated by Environmental Control System (ECS) conditioning. Calculated 
Stabilization temperature for foamflex cable is approximately 375°F; 
calculated stabilization temocrature for RG-214 cable is approximately 
VI5°F. Neither cable is thermally protected, and will thus stabilize at 
these temperatures under direct sunliaht impingement. 


Thermal/vacuum tests on the omni antenna coaxiai cables {Foamflex and 
RG-214) indicate that the A5-507 CCS problems may have been caused by 
solar neating of the coaxial cables. Heating tests of coaxial cables to 
approximately 263°F, minimum, caused the foamflex cable dielectric to 
soften, allowing the cable inner conauctcr to drift toward and finally 
Short out on the outer conductor, and duplicate the flight failure mode. 
An artist reproduction of an X-ray showing a typical foamflex cable 
after a heating test is presented in Figure 16-5. The results of the 
coaxial cable tests are summarized in Table 16-6. 
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et-9l 


CONNECTOR 









DIELECTRIC CONNECTOR 


INNER CONDUCTOR 
/ OUTER CONDUCTOR 






INNER CONDUCTOR 
SHORTED TO 
OUTER CONDUCTOR 


% PRIOR TO HEATING TEST THE INNER CONDUCTOR WAS LOCATED IN THE 
CENTER OF THE CABLE. © 


Figure 16-5. Artist Reproduction of X-Ray of a Typical Foamflex Cable 
After Heating Test 


Table 16-6. Instrument Unit Coaxial Cable Test Summary 


1.7§:1 4.74 watts/ft 
Shorted 1.87 watts /ft 


CABLE pend | VSWR 
er che [en RADIUS _J/ BEFORE ee ee bane 





RG214/U 
Foamf lex 


Foamf lex 7.3:1 12.2] watts/ft* 


Shorted 20.11 watts /ft** 


RG214/U 





* Slight recovery following rapid cooling 
** SVC jacket expanded due to heat inout 


*#® Foamflex failed. Test setup prohibited further test of 6-214. 


An investigation is being conducted to determine if the AS-505 and AS-506 
CCS problems can be attributed to the overheating of the coaxial cable, 
rather than tne previously suspected leak in the coaxial switch (AS-507 
had a new design coaxial switch). However, evidence of an cverheated 
coaxial cable is purely circumstantial. 


Gn AS-508, ECP 2319 will provide thermal shrouds to protect all IU 
components, including the affected coaxial cables, from direct solar 
heating. These shrouds wiil be made from "Kapton" sheeting with aluminum 
deposited on the side next to the components. This material will be 
reinforced with a glass cloth backing. 


The addition of thermal shrouds :hould prevent any cverheating caused by 
solar radiation. Therefore, a reoccurrence of a CCS malfunction on AS- 908 
would indicate that the cause is not thermal in nature. 


A summary of CCS coverage showing AOS and LOS for each Station is shown 
in Figure 16-6. 


16.5 OQPTICAL INSTRUMENTATION 


In general, ground camera coverage was good. Seventy-one items were 
received from KSC and evaluated. Five cameras had bad timing, six cameras 
jammed or had no runs, and four cameras were extremely underexposed. As 

a result of these 15 failures, system efficiency was 79 percent. No 
tracking items were included in the 7] items or included in determining 
system efficiency since none were acquired because of low cloud coverace. 
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Figure 16-6. CCS Coverage Summary 
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SECTION 17 
MASS CHARACTERISTICS 


17.1 SUMMARY 


Total vehicle mass determined from costflight analysis was within 0.80 
percent of the prediction from ground ignition through S-IVB stage final 
Shutdown. The small variations indicate that hardware weights, propellant 
loads anc propeliant utilization during powered flight were close to pre- 
dicted. 


17.2 MASS EVALUATION 


Postflight mass characteristics are compared with final predicted mass 
characteristics (MSFC Memorandum S&E-ASTN-SAE-69-85) and the final opera- 
tional trajectory (MSFC Memorandum S&E-AERO-FMT-188-69) . 


The postflight mass characteristics were determined from an analysis of 
all available actual and reconstructed data from S-IC stage ignition 
through S-IVB stage second burn cutoff. Dry weights of the launch vehicle 
are based on actual stage weighings and evaluation of the weight and 
balance log books (MSFC Form 998). Propellant loading and utilization 

was evaluated from propulsion system performance reconstructions. Space- 
craft data were obtained frum the Manned Spacecraft Center (MSC). 


Deviations in dry weights of the inert stages and the loaded spacecraft 
were all within 0.40 percent of predicted, which was well within accept- 
able limits. 


During S-IC powered ftight, mass of the total vehicle was determined to 
be 3122 lbm or 0.05 percent higher than predicted at ignition, anc 13,722 
Ibm or 0.76 percent higher at S-IC/S-II separation. These deviations are 
attributed to the mass of the upper stages and the S-IC stage prove! lant 
residuals at separation being greater than predicted. S-IC burn phase 
total vehicle mass is shown in Tables 17-! and 1|7-2. 


During S-II burn phase, the total vehicle mass varied from 6020 ibm or 
0.41 percent higher than predicted at ignition to 2026 Ibm or 0.43 percent 
higher at S-II/S-IVB separation. These deviations are due primarily to a 
greater than predicted S-II stage LOX load and a slight excess of upper 
stage mass. Total vehicle mass for the S-II burn phase is shown in Tables 
17-3 and 17-4. 


Total vehicle mass during both S-IVB burn phases, as shown in Tables 17-5 
through 17-8, was within 0.53 percent of the prediction. A deviation of 
1396 ibm (0.38 percent) from predicted at first burn ignition was due 
mainly to a heavier S-IVB propellant load and a larger spacecraft mass. 
The deviation at completion of second burn was 742 lbm (0.53 percent). 
Total vehicle mass at spacecraft separation was 60] Ibm or 1.61 percent 
higher than predicted. 


A sumnary of mass utilization and loss, actual and predicted, from S-!C 
stage ignition through completion of S-IVB second burn is presented in 
Teble 17-9. A comoarison of actual and predicted mass, center of gravity, 
and moment of inertia is shown in Table 17-10. 
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Table 17-1. Total Venicle Mass ~ S-IC Burn Phase - Kiloegrams 


GROUND IGNITION HGOLODOWN CENTER OUTBOARD | © -aC/S-fI 
EVENTS BRM RELEASE ENGINE CUTOFF ENGINE CUTOFF SEPARATION 
PRED acT PRED ACY PRED acy PRED act PRED Siem | 
S-fc STAGE OY 139567. 130538. i130SE67. 139589. I305€7. 30588, !30567. 130598. 130567. 130539, 
LOx FA Tank 14979759, 480369, 1448737, 1648519, !9883C. 194994, 956. l2ol. 998. 998. 
LOX SELOw Tan 21G00. 213126 21737. 29372. 21720. 21794. 16395. 17632. 149836. is035. 
LOW ULL AGE Gas 19C. 169. etc, etl. 259C.e 2684, 3090. 3357, 3096. $362. 
RP] IN TaNK 643306. 6493734. 633691. 632752. 953467. 94767. 854%). 1051 3. 7461. 9433, 
RP! BELOW TANK 4313. 4311. 5996. 59948, $396. 5994, $953. $957. $958. $957. 
RP1 ULLAGC Gas 35. T3. 356 TO. 231. 226.4 2492. 249. 242, 250. 
N2 PURGE GAas 36e 36-6 26.6 36. 2C. 20. 2C. 2G. 20. 20. 
HELIUM IN BOTTLE 283. 299. 283. 236. 133. 136. 82.6 L1l2e Sle Li2e 
FROST 635. 635. 635. 635. 34C,. 340. 3$4C. r4Q, 390. 340. 
RE TROMOTOR PROP 1027. 1027. 1027, 1027. 1027, 1027. 1027. 1N27. 1027. 1027. 
OTHER 239. 239. 239. 239. 239. 239. 233. 239. ao7s 239. 
TOTatL S-IC STAGE 2281895. 2280583. 2243194, 2262236, 856999, 452790, 167998. 72496. 168865. 16f.362. 
TOTAL S-IC/S-IT IS s20c. 5220. §2CC, $22C, §2cc, S22C. $200. §22G. 5166. $187. 
ToTat S-II STAGE 480997. 493921. 490997, 483021. 490739. 4482762. 486738. 882762, 90738. 882752, 
TO? S-IIT/S-Ive Is 3645. 3639. 3685, 2638, 3645, 36 38. 3645, 3638. 3685. 3638, 
TOTatl S-Ivea STAGE PETORT, «FIGHTS. 117IGT. F1BH72. LNTFH7G.] 198392. 117876. 2118382. LI787S. 119392. 
TOTAL INSTRU UNIT 19490. 1940. 1940, 1980, 194C. 1940. 1340, 1980. 1940. 19480. 
TOTal SPeCECRAFT 43732, 43915, ¥9732. 49915. 49732. 493915. U973Z.6 939315. 99732. 93915. 
TOTatl eee nee 659479. 662207. 659973. 662207. 659136. 651853. 659130. 661858. aid 661825. 


TOTAL VEMTCLE 294374, 2942790, 2902674, 29044NS, 1116129. 1114688. 827129. 833353. 823952. §30187. 
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Table 17-2. Total Vehicle Mass S-IC Burn Phase - Pounds Mass 
GAO Ne “TSNItTON HOLONGWH CENTER CUFAQRAL S-17/S-TT 
EVENTS $2" RELEASE ENSINE CUTOFF ENGINE TuUTCee SEPARATION 
PRED ACT POFFO ac? PRET acl PREG act perp Act 

RANGF fiw --cFe -&,5C -~5.5f 025 ee 5 135,27 135.2% 1E2.ue P61.7% 163,20 12240 
CefC Cfaor pey C*7T8#5Ce 2'7898. 28735F, pRageege, Qapger, PRATEIA, 2774055 22738394, 2327960, 787998, 
Low te fate 3262359. 32536556 31393902, 2193479, 43Hsu5, 47298498, 2?G0. PTAC. 22906 2250. 
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on see, a ud, a a 463, HOB E71. S374, 641]. La ae a £975, 7413. 
Ole th bane PUPFDSGR, PHEYTAC, T397CSC, $294979, PIT2cu, 209976, 16323, ee a OP a ae 16409, 20737. 
Oey. FF he TAS e 35C?, 3575-6 13714, 13715. 172719. 12215. 13135. 131327. 13136, 13132. 
OPy ;ttar>.  .P” 77. 161-6 TT. 168, Sou, YS, BS Fis S4C. S346 SSi. 
es iy oe / 8° ar, aC af QC, yt, a2, 43. oe 43, 43, 
MEL firm Fy Alea F Rte, 677, 6%6, E3C. cua, oar ear 1ac, aac, 173, 2ut, 
eeose pact 14accl, GCG. lucc. 750, 75, TS% 752. "0. 750. 
DE FETT TTR OTF ecb, CORN, 2264, 27f4, cebu, 2264, ecla, 726%. ecbs, Cebu, 
ATwFr 9 S3a, $?38. 524, S286 523.6 S786 523, 525. 523-6 578, 
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rat ~-<f7F Stas ICECuIP. (CEUS79I, ICKEOC4E7, ICH4URIR, ICf99NT7, HCKUZOH, POLQIGT, WIEN ITS, pea es 1064308, 
rev 5-tt7s-fve - 4. 35% BT]. 3035, rere i g775, TCS lw 3035. a Bae ge a 356 3021. 
moral «-Iye Sfane CEPCT2e FEL19%—~ 260572, PEENST. 759972, F7FE997, 359972, PRC AT, We aso: 260987, 
Oral INST cert 4276. a@77Tt, U27Eh. UPT?, Y?76, 4277, 4? TE» wel, 4276. “277. 
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Table 17-4, Total Vehicle Mass - S-II Burn Phase - Pounds Mass 


S-IC IGNITION $-T1 S-It S-II S-ff/S-1Vv8 
EVENTS TGtelt ION MAINSTAGE ENGINE CUTOFF SEPARATION 
PREQ acf PRED act PRED act PREO acf PRED acT 
RANGE Fic --SEC *6.50 -6.50 164.9G 164.20 166.30 166.40 §$0.39 652.3% 651.90 §53.20 
S-fC/SefF £5 SMace 1353. 1°53. 
S+7C/S$-II IS t aRce 875C. 8eait. 8750. @8Iic. 8750. Baio. 
S«t¢7$-ff ts Po°OQP? 1360. T346eé, 683.6 682. Oe Os 
tovan s-ferS-If 1S 11863, 11509. 94395. 9992, 8750. agid. 
S<f{7f S$TaGe OfF 80220. 60236. ADZ 20. 80236. 90720. BO 2 36. 80220. 80236. 30220. 30236. 
con IN TAK 899083. 823781. 819083. 823781. 828050, f22745, 14us2. 18cde 1202. 1650. 
LOK SELOW TANK 1625-6 1625. 1625. 1625. 17E%.e 175%, 1736.6 1736. 1736. 1736. 
LOx ULLAGE Gas ¥13. C5, wid. ufs. 017, “C3. 5136. 6233. Sil. §236,. 
LM? IN TANK 156COO. 157755. 57986, 1597742- £57533, 1572666 4 335. 4338, ¥223, ¥226. 
LM2 BELOW Taha 2346 2st. 295.6 205. 262. 2R26 272. 272s | 2726 272. 
LW2 ULLAGE GAS 164, 169. 169.6 169. 71. D7 1.. 1564, 16433. 1565. 1654, 
INSULATION PURGE 120. 120. 
FROST "50. “50, 
START TANK GAS 30. 30. 30.6 30, 5. S. 5. 5. Oe 5. 
OTrMea 166 166 16. 76. 76.6 76.6 766 76.6 766 766 


TOTAL S-II STAGE 1C6O4%17, 1964678. 10569847, 1069508. 1058494, 1062959. 949796. 95379. I4U40, 95023. 


SOS BOS HOOK HEEB HW OASBSH HSE SEASLS*S SAA ASBSA BE KBE SEB SESE KES SESES SHEA AGKEXSSS GOO SBS SHBSSAAASAABDAABCA BREA AAA SBOE SSF BO BS aA SG GH BOGS -F2B HHH VWF OF SEHK KEE Ee Ce 


TOF S-£27S-E03 15 8935-6 6021. 6035. 8021. 8035, 8021. 8035. 8021. 9035. 8921. 
TOTAL S-IvVB STAGE Z26EGO7T2Zs 263387? e 259872, 266987. 299972. PEC9B7, 2598972, 260987. 259667. 260552. 
rotat INSfRu UNTT 4276. u277. 4276. 4277, 276. W277. 4276. 4277, 4276, W277. 
TOTal SPACECRAFS 109640. 110004, 2109680. 1CC4e, 109640, FICCHH, 100740, C1081. 8007480, 101081. 
TOTAL UPPER STAGE 362023. 383529. 381623. 39593929, 381823, 383329, 372923. 376366. 372916. 374361. 
TOfal vEHICLE 1953903. 1059916. 1951509. 1657929, 2495071, 18955096, 467719, 469765. 467358. %69364. 
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Table 17-7. Total Vehicle Mass - S-IVB Second Burn Prase - Kilograms 


S-fv4 §-1Vv98 S-Ivea S-Iv9 SPACECRAFT 
EvENTS IGNITION MAINSTAGE ENGINE CUTOFF END O€CAY SEPARATION 
PRED ac? PRED ac ft PREO ac? PRED act PRED Ac T 
RANGE FEME--SEC Cceo.0G 10Ca2e?70 10042.50 10045.26 10385.01 0383.89 10335.20 10394,20 15164%.00 151860.90 
S-fv6 Stace CR Li27TR. rigS4. 113278, 11264, 11278. 11244, 11279. 11284, 11278. 11284, 
LOx ft TANK &14687, 61346, 61391. (61224. 2023. 1333. 1994. 1995. 13926. 1630, 
LOxn BELOW faNnn 166. 166. $8C. 1ed. 140. 190. 1860. 13C. 166, 166. 
LOW WLLAGE Gas 152.6 153-6 153. 160.6 245. 2206 245. 220.4 45, 45, 
Low? IN TANK 13693, 13469. 13441. 13457. 943, TT 2% $30, peer 506. 728. 
LH? SEL Ow TANK 266 266 26. 266 26 6 266 26. 26. 226 226 
£42 ULL EGE GAS 185. 153. 165. 154%. 30 ve 250. 307. 2506 64, 64, 
vULLase MOTOR £99P Oe Oe Ce Os 0. 0. 96 C. 0. 0. 
APS PROPELLANT 2c?, 2566 203. 256. ZO 3-6 254, 2G0t. 254. 166.6 233. 
MELIUM IN SOTTLES 186. 1696 198, 109-6 95. Lite a6. 143. 68. 113. 
S'ART TANK GAS Ze Ze 0. Q. 3. 3. eT 3. 36 3. 
FROST 65, 136. USe 136. WS. 136. 45. 136. 6S. 136. 
OTHER 25. 256 25. 25 25. 256 25. (25.6 256 256 
TOfaL S-Iv8 Stace 67232. $7196. e7077. 67C7T. 8372. 1555C, 14328, 155095, 18376, 14650, 
wOrat INSTRU UNTT Peale 23460, 1990, 13960. 194C, 1940. 1940. 1940. 1940. 1940. 
TOTAL SPACECRAFT 65695. a§e50, 65695, 96450, 45695. “56S0, “5695, 45650, 626. 626. 
TOvat UPPER $1 4aGE a76398, 47790, 76348, «7790, “7634, 67790, 67638, 4779C. 2566. 2566. 
TOFal VWERICLE 13e Bab. 134986. UU3N7TE. 1349866, 63007. 63300, 62962. 63299. 16983. 17216. 
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Table 17-9. 


MASS HISTORY 


S-1C St¥aGEe FOTAL 
S-IC/S-II INVERSTAGE «TOTAL 
S-II SraGEe. TCrar 
S-IIT/SIIv3 INTERSTASE 
S-Iv8 StaG€e TOTAL 
INSTOUMENT UNTT 

SPACECRAFT INCLUCING LES 


IST FLY STS ef IGN 
S-1C THAUST BUIL OUP 


SY FLY SIG HOLDDwN OS™ REL 
S$-1C FROST 

S-IC MAIASTAGE PREPELLANT 
S-IC N2 FURGE 

S-1C IN8o FNGINE f-D. F208 
S-I1C INBC t£NG EXPENCEC PROP 
S-II INSULATION PURGE 34S 
S-II FROST 

S-Iv93 FWCS} 


ist FLY Stace af S-iC CECCS 
S-1C/S-I ULL AGE S&F PROP 


IST FLT StaGeE av STS/SII SEP 
S-IC STeaecse af Separaltron 
S-IC/S-IT INTEVSTAGE S“Stl 
S-IC/S-1TI yullace Paxt Face 


2N0 FLEE STASE 87 S-TT SSC 
S-II Fu€et Ll€ ec 
S-IC/3-12 ULL ese Ray PIF 


PAD FLT StaGE af S-II IGN 
S*II Te3. PONFPELL ANT 

S-TY START TanK 

S-IC/S-TI vUlLLaGE OM SROP 


PND FLT SteGE af wKaINS TacEe 
S-1I “MAINSTAGE « VENTING 
LAUNCH ESCAPE SYSTE® 
S“IC/S-1I INTESSTASE LAPSE 
S-IT 1.0. PROPELAL ant 


2ND FLU STAGE a¥ S-I7 C.0.%- 
S-TI 1.0. PRPOPELL ant 
S-IVS ULLAGE PROPELLANT 


2ND FLT SIG af SII7SI¥V9 SEP 
S-II Stace 2% SEPARATION 
S@IFI/S-F YR INTERSTAGE-ORY 
S-TI/S-IvB ITS PROP 

S-1¥3 aFT Fame 

S-IVB ULLAGE PROPELLANT 
S-I¥B DET PaCKaGE 


SRO FLY SIG at 1S8 SSC 
S-1V3 ULLAGE PROPELLANT 
S-Iv68 FUEL LEAD LOSS 


PREDICTED 

KG LOn 
2281895. SO030716. 
$20C. 11863. 
460997. 1060917. 
yess. 8035S. 
117967. 260072. 
1900, a276. 
“9732. 1c964C,. 
2341378. 64898620, 
-3870C. -85319. 
2302674. 6399300. 
-295. -—€S5C. 
“2073916. ~4a572202.- 
-i7,. - 37. 
- 783. “1727. 
-185. -ace. 
-S&, -120. 
~?C&. “450. 
-931. -2Cccd. 
827129. r9235CE. 
- 3133. -6307. 
-33. -73. 
#233962. 1916526, 
“169865. ~36386€. 
~614, -23S3. 
-83. -194, 
eS9ucC. 1851523. 
Je Je 
-1335. -al4, 
cfS2t2. W45tIC9. 
“Sole 132%, 
“il. -2°5. 
- 313. -683. 
657288. 1493C7i. 
-a37C7a. - 363575. 
~aC 37. -69cc. 
-33695. -8750. 
-58,. -f27. 
2iZ154%, 667719. 
~16€2. -356. 
“2e -§,. 
211990. 467358. 
-926 37. -940a0, 
- 3164. -6975. 
~e@l. -1060. 
22.6 -46,. 
-t. -3. 
-1. -3. 
165966, 364829. 
-40. -8§6. 
-O. -C. 


7-11 


Flight Sequerce Mass Summary 


acTuatr 

“*6 L.6" 
2280583. S027826. 
5220. 11509. 
83022. 1064678. 
36 38. sc2i. 
L1BS7?2. 261187, 
1930. e277. 
89915. 12ICOes, 
29492790. 64987742. 
36347. -80S4t. 
2904883, 6303201. 
-295. ~650. 
- 20659856. ~4562376. 
-17. -37. 
~793. -172?. 
-19C. -418, 
-5St,. -12C. 
204. -45C. 
-3t. -20C. 
833383. 1837229. 
-~ 3135. -639C8. 
-33. -73. 
930187. 13302468. 
“168362. <-S37it75. 
“614, -1353. 
-83. -184, 
S6Eri27. 1957536. 
Je Je 
-185S. -4C7. 
£60983. 8457229. 
-€Gl. -1325. 
-jl. -25. 
-303. “682. 
66ECC21. 1%55098. 
-438829. -967853. 
-8C6E. ~$963. 
- 3996. -~6310. 
~58. -i2T. 
2130753. ¥o9745, 
~161. -356. 
-2e -5. 
212308. e69388. 
“43302. ~95023,. 
- 3156. -6958. 
- 862. -1063. 
22-6 -86. 
-ie -3. 
“le -3. 
66145. 366256. 
~ 4320 -93. 
~-25-6 -~S6. 


Table 17-9. 


mass HISTORY 


BRD FLY SG af 18 SIvVa@ IGN 
S-Tv@ ult aGl PROPELL ANE 
S-fva sraQt Tan 
S-Ive 1.6. FROPELL ant 


3QD FLY SIG ATF “AINST&AG= 
S-IveA ULLAGE POCKET Caszcs 
S-TvV98 MAINS TASE PRaaeP 
S-Ive aPS PROPELLONI 


3RD FLY STG 87 187 SIve tos 
S-Ive Tole PROPELL art 


BRD FLT STG AT END 197 FN 
S-JveB ENC ORCS EXPENCED 
S-Iv2 Fucl TexK LOSS 
S-?Tve LOx Fenke LOSss 
S-Tve aPs PROFELL ANT 
S-Ive srarert tan 
S-Iv2 02742 AYRNER 


SRD FLY STG af eNO SSC 
S-2v8 FUEL LEAS LOSS 


SRD FLY STG af 2NG Sive IGN 
S-Tv@® sraRt tank 
S-Ive TeBe PEOPELL ant 


SPO FLT STS 8f “MAINS Tange 
S-1VB MAINSTAGE PROF 
S-I¥VB aPS COPPELL ENT 


SRD FLY STS 87 AND SIva cos 
S$-I1¥39 T.S. PROPELLANT 


SRD FLT STG af END 2NC TO 
JETTISON Sta 

COMMAND SERVICE MOOULE 
S-Iv8 SraGE& LOSS 


START CF TRANS/DOCKING 
COMMAND SERVICE MCCULE 
S-Iv8 STaGe Loss 


ENC OF TRANS SHOCKING 
Com“anre SERVICE MADULE 
LuNweR MCCULE 
S-Iva Ssfac=t Less 


LAUNCH VEH aT S¢C SEPak aryon 


SPacecRaFY NOT SFPaAaRATED 
INSTRUMENT UATE 
S-Iva STAGF af SEPARATION 


17-12 


PREDICTED 

KG Ler 
165444, Yoeurul, 
-“1C. 22.0 
~Je “4, 
-1S5. - 242, 
105276. 364372, 
-67i. -135, 
-23065. ~64C73. 
=e -4, 
136148, 3CCiS4. 
-~44, 98, 
136193. 30CCSE. 
-1¢@, “aC. 
“1128. -~2u6, 
-14, -32. 
-491t. -}7¢, 
-1. Ze 
-7. -16. 
134853, 237302. 
-7. -15. 
P34BuE, 237285, 
2.6 -G, 
-133, = 27°, 
Is4a7sTi.e 7969937. 
-71703. ~iS8c7?. 
-2. -4, 
&3CCT. 1389CE. 
~ 44, -98. 
62962. 1386C8. 
“1170. -25860. 
-28857. ~635 748, 
-65C. -14 34%, 
32305. 721220, 
28837. 63578, 
C. Ce 
61142, 13N7%u, 
-292°37, ~63574%, 
-35(062. -332CE. 
- 233. -~66C. 
169483, $7354, 
~6270. -138C. 
-19c00, -a276, 
-}e 37a, - 316998, 


Flight Sequence Mass Summary (Continued) 


— actuar 

KG (6m 
166077, 356137. 
-8, -17., 
~2e -G, 
-125. -275. 
155943. 30584), 
-él. ‘13S. 
- 22727, ~655 36. 
-C. -l. 
136154. 330163. 
-62. -136. 
136093. 30CT 33. 
-18, -4C, 
-9356. -2174, 
-3. -7,. 
~U2. ~32. 
“1. Ze 
-7. -16. 
resc3s. 2377C2. 
-~39, -1C93, 
134986. 2975933. 
Ze -W. 
~198. -2€C. 
134866. 237329. 
-71525. -257686. 
-t. -3. 
63380. 139640, 
-%0. -893. 
63299. 13955C. 
-~ti7?7c. -2580. 
-28630. -83559. 
-$60. -1234. 
32733. 72177, 
29830. 63553. 
O. Qe 
615¢39. 135736. 
- 28230. -&35595. 
~15223. ~ 33562. 
-2939. -600. 
17216. 37355. 
-626. -13°C,. 
-146S0. ~32298. 


El-Zt 


Table 17-10. Mass Characteristics Comparison 


DE BEE SSE HOE OS BES CB BBB BS CHEESES S & SSEBSSS 2 22BGS46 B46 24 C8 24 46446622424 46 424 2446 8 OS £5 £GE 62842464 60 & & SE &*- 221424 B22 BS 2 SSS £442 BRE 422488 


MASS LONGITUDINAL RACIAL ROLL MOMENT PILTChe MOMENT YAw MOMENT 
SeGe (X% STAs) CaGe OF INERTIA OF INERTIA OF {INERTIA 
EVENT & Ob 0D BEBE CC OSS CBR GK SSAhASLS SPOS ESSSEUSSEOKSS SS SGSSSeS A SB OSes ae wseaaes aoe es a a ba a a a a a a a GD as Ge a oe ee 
KILO O/O METERS METERS KGeM2 O/C KG=4M2 O70 KG=eM2 O70 
PCUNDS DEVse INCHES OELTA IAGHES OCELTA X10"6 DEVe X10-6 DEVe AL0"6 DEV. 
130567. 9e 364 020580 
PRED 26785006 36867 202647 205385 160656 164581 
$-!{Cc STAGE ORY 282 82 OSeeeeanea aes ee => an aD op on oD a ai or am ap aeeeaeseae senna a 
1305886 96364 Qe000 O6ev580 wevdSO 
ACTUAL 28789864 Oe02 368e7 0600 202847 020000 24585 Oe02 160658 O40 164584 O060¢ 
52006 410622 001544 
PRED 114636 1638e7 6200811 Oel32 Jevl? Q2079 
§-] C/Se 11 ! NT ER= _ Sew esesoaeooese en (i A NO anaes Om wae ee aenanaae 
GS aCE® TOTAL 52206 4146628 02005 001544 020000 . 
ACTUAL 115096 0040 163669 OelD GeOGlL1 GeV000 Del32 OveHd QeI7T9 Ved 00079 0453 
363876 430087 901761 
PRED 802206 149302 6093546 0-602 20917 2930 
S<11 STAGESDRY  «- s@emonnnnnccwnn oeewae oeece- oo aon---- wcnncce 
363946 480926 =-06060 Je1761 GedGOO 
ACTUAL, 8023664 Oe02 1AGOCB 2040 669354 0209000 00602 OerC2 Le979 -1e87 20030 O02 


2n 8S BES 22GB OOOOH SOGH EO OED E 2 SSO LDL 4 2H 22S OS EOSSGDASAASOBO*SA SSA BOG s2n BO 8 1 £8 BOSSES SE BES ® B os Baws ‘SO Bae Cee ee Ste se £8 eH @ Sb Oe Gas &eee 


36456 660466 UeN5a9 
PRED 893% 261608 203194 00064 Veles Gees 
S= I i / § = I ve I NT & R= 2820248688424 228 my. Ty yy Se ease aD > ap | eaeanaue eesaeee 


STAGE eo fOTAL 36366 660464 —0.002 060889 GUeuuuou 
ACTUAL BO2Z1e “O0elb 261607 OelO 203194 VeVU00 06064 “Gelb 00043 “Vel 02064 =“Uelb 
113626 720562 002306 
PRED 250506 225608 940801 Oevb2 02390 0«300 
Sejvé ST HAGE sORY See 2828288022008 anunaeae on a aap aeene sSoaaanea a aenneaan 
113690 7120562 00000 Ve23U6 Vevuty . 
ACTUAL 2506460 0206 265608 OCeOG FVetBUl useFGGG Qe082 we06 02300 U2V06 Q0e300 GO0e06 
19406 S2e4)45 003624 
PREC 42766 324667 14e2523 0-018 90010 VeQO8 
VEHICLE INS TRUME N Teoe]oeeeeseeees see ete a wes os one am > = & oo a ae anaes 
UNIT 19406 B2e617 DOeNC2 003676 Ue00CEO 
ACTUAL a27T7e Ce02 3246408 VolGlee2Z?79 Used2$S Oe0lB Us0Z QeVlLU Veb2 Ve008 Geld 
“97326 910536 501106 
PRE” 1909640. 3690308 403566 Ge09i bo582 10583 
SCACECRAFT eTOTAL Ret OBS SBaeawneh eeahoean 2 eaeaaanae eS ew a ab ot ab ab ab as > oh eh a on a 
“99156 9le52Z24 “00015 Oell06 920000 
ACTUAL 1100466 0037 360302 ™0e6C 403564 LebOOU 00091 Ue37 40591 3055 1¢59% 0064 


A ae a ED oe AB MD te a ED OE OD OD ee OD OD bs 0 8 OS © BBE SO BESS S SE BESS @ 2 BE 2 OSES SF SBS SS B EB BS BW 8 ee BE SE OES SB 8168S SS BCBS S OSE 46 4228 £O4E 2S OBOE OSOOSESSBEO 
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Table 17-10. Mass Characteristics Comparison (Continued) 


MASS LONGI TUOINAL RADIAL ROLL MOMENT PITCH MOMENT YAw MO4ENT 
CeGe (X STAe) CeGe OF INERTIA CF INERTIA OF INERTIA 

EVENT 2 a ab OS a aS oR OS bs OE OES SB OOF OC BK GB EE 4 1 BE S22 OSU24 0244828242828 OE O22 BSS SS BO SVOesenaeaatstweae BOSE 2228S GO 222 CE eae 
KILO G/O METERS METERS KG=M2 6/0 KG-"'2 O/G KG=-M2 O70 


POUNDS OEVvVe INCHES DELIA INCHES OCELTA A10-6 DEvVe A190-6 DEVe %10-6 DEV>s 


Oe BS BSE SSCS SBHN OS @OO|OE SS & 8 146 SO SS 24846 E 16644008 @ & 6 OE OH L6L6GESE ££ BOSS 2 BS 28242442628 2 HOB4LSBSS2E8 42 BETS S CSE BE CBBC 244442 BSS 2406288242 282 O2O82 Bee 


29413THe 300312 020039 
PRED 64346206 119363 001565 30698 873.729 8732697 
er FL [ Gmft sf AGE Bh OS On ChE seceaann es ao aaseae eeeas==a eeeseneo 
AT IGNITION 29427916 30343 0-031 020039 029000 


ASTUAL 64877446 QelS 119406 Le22 001565 Ge0Q00 306702 Oold 8750597 VYe2l B875e52u Je2l 


Sew OG BOG 2 6G £242 22246 428 2 EC 2S 2 212 OH O22 B8HSEO O46 24 224242808 224 42242 B22 228228 446242 +R EEE6 £2 22 G4 28S SE * 24 22 BOSE 424 BS 2402224 41S 22BE2 42424646 2:11 20628 


2904674 300256 0+0039 
ASf FLIGHT STAGE PREG 63993016 119le2 0012565 30733 87466] 8740629 
AT ROLDDOWN ARM 2 DP ee ab SOE ie OO io Pe as cs a OD my i oan am os a ap on <n on ae ane 
RELFASE 290 bhbbe 360282 02025 020039 Ue0N00 


ACTUAL 64603203 6¢ 0206 119202 Ue96 061565 Ue0000 36738 Oel3 8762666 O5623 876063% O8d3 


2 an GS 0 8 Ss 2 OOS OES @ 2 OOS OC ES CO £42 4626S S& 24 EOE @& 64 £4644 2S 1S 6 NSE BOE S642 4246 2 S46 2 2 OE SS 4 2 BE SE O22 242 422604246 242 O22 2S SEB L1SEG E288 28 B24 046 2S 2B 19 Ree 
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CUTOFF SIGNAL 6333536 4602861 Vel¢l 0006136 —02e0000 
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SECTION 18 


MISSION OBJECTIVES ACCOMPLISHMENT 


Table 18-1 presents the MSFC Mandatory Objectives and Dasired Objectives 
as defined in the Saturn V Mission Implementation Plan, "H" Series 
Missions, Apollo 12, 13, 14 and 15; MSFC Document PM-SAT-8010.5 (Revision 
B), dated August 29, 1969. An assessment of the degree of accomplishment 
of eacn objective 1s shown. Discussion supporting tne assessment can be 
found in other sections of this report as shown in Taple J&-1. 


Table 18-1. Mission Objectives Accomplishment 


MSFC MANDATORY OBJECTIVES (MOQ) DEGREE Of PARAGRAPt. IN 
AND DESIRABLE OBJECTIVES (D0) ACCOMP Li SHMENT DISCREPANCIES WHICH DISCUSSED 


1 Launch on a flignt azimuth between Complete None 4.1, 4.3.2, 
72 to 96 degrees and insertion of 
S-IVB/TU/SC into a circular earth 







parking orbit (M0). 


2 Restart tne S-IVB during either the Complete None 4.4, 4.3.3, 
second or third revolution anc 

injection of the S-IVB/IU/SC onto 
the planned transtunar trajectory 


(M0). 


for the $-I1VB/1U/SC curing the TOBE 

maneuver (MO). 

4 Use S-IVB APS burn to execute a LV Complete Non” 11.4.4 
evasive maneuver after ejection of 
CSM/LM from S-1VB/IU (C:). 

S-/ vB/TU 4.3.5, 10.2.1 

failed to 

achieve 

solar orbit 


Use residual S-IVB propellants and Not 

APS to maneuver to a trajectory that accomplished 
utilizes lunar gravity to insert the 
expended S-IVB/IU into a solar 
orbit (slingshot) (00}. 


Complete Non: 11.3.4, 11.5 


b Venting and dumping of all remaining Complete None 7.13 


gases and liquids to sefe the 
| ! S-1VB/1U (BO). 


3 Provide the required attitude contro! 
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SECTION 19 
SPACECRAFT SUMMARY 


The Apollo 12 mission provided a wealth of scientific information in this 
initial significant ster of detailed lunar exploration. The emplaced 
experiments with a central transmitting station wil] enable scientific 
-observation to be made for approximately 1 year of expected equipment | 
operation. These experiments will provide scientists with a greater 
understanding of the lunar surface environment, perturbations to its 
structure, and characteristic energy release. This mission will yield 
more lunar scientific data than all previous manned space missions, as 
well as unmanned lunar missions. Scientists estimate that our lunar 
knowledge will be advanced many orders of magnitude after a complete 
examination of the information obtained. | 


The space vehicle, with a crew consisting of astronauts Charles Conrad, ur., 
Commander; Richard F. Gordon, Jr., Command Modute (CM) Pilot; and Alan L. 
Bean, Lunar Module (LM) Pilot; was launched from Kennedy Space Ce.ter, 
Florida, at 11:22:00 A.M. Eastern Standard Time on November 14, 1969. 

The activities during earth orbit checkout, translunar injection, and 
translunar coast were similar to tho.2 of Apollo 11, except for the 
special attention given to verifying the LM and command and service module 
systems as a result of the potential electro-static discharges at 36.5 

and 52 seconds. As planned, only one mid-course correction, applied at 
about 31 hours to place the spacecraft on a non-free-return trajectory, 
was required prior to lunar orbit insertion. Initial checkout of LM 
systems during translunar coast and in iunar orbit was satisfactory. The 
Conmander and the LM Pilot entered the LM for descent at about 104 hours. 


The two spacecraft were undocked at about 108 hours, and descent orbit 
insertion was performed at approximately 109.5 hours. One hour later, 

the mission objective of achieving a precision landing was accomplished 
using the automatic guidance system, with small manual corrections applied 
in the final phase of descent. The spacecraft touched down at 119:32:34 
in the Ocean of Storms only c00 feet from the Surveyor II! spacecraft. 

The landing coordinates were 3.2 degrees south latitude and 23.4 degrees 
west longitude. 


Two hours after landing, the cremien configured the LM cabin ror depressur- 
ization and completed preparations for egress. As the Commander descended 
to the surface, he deployed the modu'arizea equipment storage assembly, 
which permitted transmission of color television pictures. The television 
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cainera, however, Subsequently failed. The first extravehicular activity 
period began at 115.25 hours. After assisting the Commanoer with trans- 
fer of a contingericy sanple to the LM, the LM Pilot descended to the 
surface and erected the solar wind cemposition foil. The crew then de- 
ployed the Apollo lunar surface experiments package, which included a 

cold cathode ion gage, 2a lunar surface magnetometer, a passive seismometer, 
a solar wind spectrometer, a dust detector, and a suprathermal, ion detec- 
tor, Un the return traverse, the crew collected a core-tube soil specimen 
and additional surface samples. Tne duration of the first extravenicular 
activity period was 4 nours. 


Following a 7 hour rest period, the second extravehicuiar activity period 
began at 131.5 hours with preparation for the geology traverse. Docu- 
mented samples, core-tube samples, trench site samples, and gas analysis 
samples were collected on tne traverse to the Surveyor II! spacecraft. 
The crew photographed the Surveyor and from it retrieved a cable, a 
painted tube, an unpainted tube, the television camera, and the scoop. 
Following the return traverse, the soiar wind composition foil as re- 
trieved. fhe second extravehicular activity period was terminaiod at 
135.25 hours for a duration of 3.75 fours. Crew mobility and portable 
life support system operation, as in Apoilo 11, were excellent through- 
out the total 7 hour 46 minute extravehicular period. 


The ascent stage lifted off the lunar surface at 142 nours. Firing of 
the ascent engine placed the vehicle into a 62- by 9 9 mi-orbit. The 
ascent engine burned about 1.2 seconds longer than planned, and subse- 
quent nulling of the overburn by the crew returned the orbit to the 
planned orbit of 45 by 9nmi. After a nominal rendezvous sequence, 

the two spacecraft were docked at 145.5 hours. The ascent stage was 
jettisoned fullowing crew transfer and was maneuvered remotely to impact 
on tne lunar surface: impact occurred at 150 hours approximately 40 n mi 
from the descent stage. | 


After a period of extensive landmarx tracking and photography, transearth 
injection was accomplished with the service propulsion engine during the 
45th lunar orbit revolution at 172.5 hours. The lunar orbit photography 
was conducted using a 500 MM longrange ‘ens to obtain mapping and train- 
ing data for Apollo 13. During transearth coast, two midcourse correc- 
tions were required, and the entry sequence was normal. The CM landed 

in the Pacific Ocean at 244.5 hours. The landing coordinates, as deter- 
mined from the onboard computer, were 15 degrees 47 minutes scuth latitude 
and 165 d2grees 11 minutes west longitude. 
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APPENDIX A 
ATMOSPHERE 


A.1 SUMMARY 


This appendix presents a summary of the atmospheric environment at launch 
tire of the AS-507. The fcermat of these data is similar to that presented 
on previous launches of Saturn vehicles to permit comparisons. Surface 
and upper winds, and thermodynamic data near the launch time are given. 


A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 


A cold front was moving slowly southward through the central section of 
Florida and was near the pad at launch time. This cold front produced 
the rain showers and overcast conditions that existed over the cad at 
launch time. 


Discussion of the atmospheric electrical discharge to the AS-507 Apollo- 
Saturn vehicle is included in the general discussion of the lightning 
phenomena in Section I2A. 


A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 


At launch time ciouds were 10/10 stratocumulus with bases estimated at 
0.6 kilometer (2100 ft). Cloud tops were observed by aircraft before 
launch to be 5.8 to 6.1 kilometers (19,060 to 20,000 ft) altitude. No 
solar radiation data is available to sresent nere due to overcast 
conditions. Surface observations 2t launch time are summarized in 
Table f-1, 


A.4 UPPER AIR MEASUREMENTS 


Data were used from three of the upper air wind systems to compile the 
final meteorological tape. Table A-2 summarizes the data systems used. 


A.4.1 Wind Speed 


The wind speed was 6.8 m/s (13.3 knots) at the surface, and increased to 

a peak of 47.6 m/s (92.5 ! cots) at 14.23 kilometers (46,570 ft). The wind 
speed then decreased to 4.9 m/s (9.5 knots) at 23.38 kilometers (76,690 ft). 
Above this altitude the wind speed continued to increase again as shown 
in Figure A-1. 


A-1 


Table A-1. Surface Observations at AS-507 Launch Time 


rime | pres. | tem | oy Vercar LM 
cacinibn AFTER | SURE, | PERATURE | POINT] BiciTy | AMOUNT | SKY COVER | OF BASE / SPEED |... | 
TO | nscme f oK "K km so |.:« (TENTHS) | = TvPE METERS m/S 
(MIN) | (PSTA) | (°F) (°F) | 1 (FEET) | (anos) | [9€9) 
1.5 a 2.6 | 23 
0) 


Kennedy Space o {10.087 | 293.2 291. 6 10s fStrate- 
{| Center, Florida 14.62) 7 (68.0) 65.0) (4) aca 


|| 
| 


Pad 39A Lightpole '  G +s oe = | 


| | _ | 


(60.3 ft)** 

*No values given here due to the fact t..t ~aa nsonde data was ootaires at 3le minutes. 
*"Above natural grade. 

~fstimatec. 







| 6&- 
{2100)- | (5. 

Rawins onde | 

| 


Cape xennedy 
Measurements * 











Table A-2. Systems Used to Measure Upper Air Wind Data for AS-507 


RELEASE TIME PORTION OF DATA USED 


TYPE OF DATA 





ALTITUDE 
M 





FPS-16 Jimsphere 


Rawinsonde 15 ,000 
| (49 ,215) 


Loki Dart 54,750 
179 ,625) 
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WIND SPELD, w/s 


Scalar Wind Speed at Launch Time of AS-507 


Figure A-1. 
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A.4.2 Wind Direction 


At launch time the surface wind direction was from the west and stayed 
approximately westerly with altitude as s:iown in Figure A-2. The surface 
wind speed 2nd surface wind direction values, shown in Figures A-1 and A-2, 
disagree with the surface values due to the fact that the cold front had 
not yet passed the FPS-16 jimsphere release station at release time. 


A.4.3 Pitch Wind Component 


The surface pitch wind speed component was a tail wind of 3.8 m/s 
(7.4 knots). A maximum tail wind of 47.2 m/s (91.7 knots) was observed 
at 14.23 kilometers (46,670 ft) altitude. See Figure A-3. 


A.4.4 Yaw Wind Component 


The yaw wind speed component at the surface was a wind from the right 
of 5.9 m/s (11.4 knots). The peak yaw wind speed was a wind from the 
right of 19.5 m/s (37.9 knots) at 13.65 kilometers (44,780 ft) altitude. 
See Figure A-4., 


A.4.5 Component Wind Shears 


The largest component wind shear (Ah = 1000 m) in the altitude range of 

8 to 16 kilometers (26,247 to 52,493 ft) was a pitch shear of 0.0183 sec-! 
at 14.3 kilometers (46,750 ft). The largest yaw wind shear, in the lower 
levels, was 0.0178 sec-! at 14.6 kilometers (47,820 ft). See Figure A-5. 


A.4.6 Extreme Wind Data in the High Dynamic Region 


A sumnary of the maximum wind speeds and wind components is given in 
Table A-3. A summary of the extreme wind shear values is given in 
Table A-4, | 


A.5 THERMODYNAMIC DATA 


Comparisons of the thermodynamic data taken at AS-507 launch time with 
the Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, density, 
pressure, and Optical Index of Refraction are shown in Figures A-6 and 
A-7 and discussed in the following paragraphs. 


A.5.1 Temperature 


Atmospheric temperature deviations were small, being less than 5 percent 
deviation from the PRA-63. From the surface up to 14.8 kilometers 
(48,560 ft) the air temperature was colder than the PRA-63. Above 

this altitude the temperature at most levels was warmer than the PRA-63. 
See Figure A-6. 
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Winc Direction at Launch Time of AS-507 


Figure A-2. 
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Figure A-3. 
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WIND SPEED, m/s 


Yaw Wind Speed Component {W,) at Launch Time of AS-507 


Figure A-4. 
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Pitch (S,) and Yaw (S,) Component Wind Shears 
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Figure A-5. 


Table A-3. 





Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 5017 through Apollo/Satum 507 Vehicles 







VET Sa aieias 

NLIMRE BR SPEED 
| M/S 

1 (KNOTS) | 

AS ~5u3 26.0 

(50.5) | 

AS-50¢ 27.1 | 
(52.7) 

AS-503 | 34.8 | 
(67.6) 
AS -304 76.2 
} (148.1) 
AS-505 A2.5 
(82.6) 
AS ~506 G6 
(18.7) 
PAS -507 47.6 
(92.5) 





| MAXIMUM WIND 
Toe | 
: KM 


(MGS | 


(FT) 


ee 


11.50 

| (37,700) 
wee agua 
(42 600) 


15.22 
(49,9091 


13.73 
(38,480) 

| 14.18 
(46,520) 







(37,400) 


14.23 
(46 670; 


A.5.2 Atmospheric Density 


MAXIMUM WIND COMPONENTS 


M/S 
(i NOTS) 


24.3 
(47.2) 


— eh 
(52.7) 


31.2 
(60.6) 


74.5 
(144.8) 


40.8 
(79.3) 





a 


ALT 
KN 
(FT) 


17.50 


(37,700) 


12.00 
(42 ,600) 


15.10 
(49,500) 


11.70 
(38,390) 


13.80 
{45 ,280) 


11.78 
(36,680) 
14.23 
(46,670) 


YAW (W>) 
M/S 
(KNOTS) 
12.9 
(25.1) 


12.9 
(25.1) 


22.6 
(43.9) 


2l.? 
(42.2) 


1.7 
( 36.3} 
7.1 
(13.8) 


19.5. 
(37.9) 


9.00 
(29,506) 


15.75 
(51,706) 


15.86 


| (51,800) 


11.43 


1 (37,500) 


14.85 


(48,720) 


| 12.05 
{ 39,530) 


13.65 
(44,780! 


Positive atmospheric density deviations were small, being less than 
3 percent of the PRA-63 for all altitudes. 
deviation of density was -8.4 percent at 17.0 kilometers (55,770 ft) 


altitude. 


See Figure 4-6. 


A.5.3  Atmospneric Pressure 


Atmespheric pressure devia.iors were less than 6 percent from the PRA-63 


pressure values at all] altitudes as shown in Figure A-7. 
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The largest negative 


A.5.4 Optical Index of Refraction 


At the surface, the Optical Index of Refraction was 5.5 x 1076 units 
lower than the corresponding value of the PRA-63. The deviation became — 
less negative with altitude, becoming a maximum positive deviation of 
1.1 x 15-© units greater than the corresponding value of the PRA-€3 

at 10.5 Kilometers (34,450 ft). Above this altitude the Optica? Index 
of Refraction was less than the corresponding PRA-63 velue and then it 
approximates the PRA-63 at high altitudes. See Figure A-7. 


Table A-4. Extreme Wind Shear Values in the Hign Dynamic Pressure Region 
for Apollo,’Saturn 591 through Apollo/Saturn 507 Vehicles 






(ah = 1000 m) - 


YAW PLANE 


PITCH PLANE 




























































VEHICLE 
NUMBER ALTITUDE 
KM 
(FT) 
| aS-501 0.0066 10.00 
(32,800) 
AS-502 0.0125 14,90 
(48,900) 
| AS-503 0.010. 16.00 0.0157 
| (52,500) 
1 AS-504 0.0248 15.15 0.0754 
(49,700) 
AS-505 0.0203 15.30 0.0125 
(50,200) 
AS-506 0.0077 14.78 0.0056 
| (48,490) 
AS-507 | 0.0183 14.25 0.0178 










(46 ,750) (47,820) 
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Figure A-6. 


Relative Deviation of Temperature and Density 


From the PRA-63 Reference Atmosphere, AS-507 
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A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES 

A summary of the atmospheric data for each Saturn V Jaunch is shown in: 
Table A-5. 

Table A-5. Selected Atmospheric Obs2rvations for Apollo/Saturn 501 Through 
Apollo/Satum 507 Vehicle Launches at Kennedy Space Center, Florida 
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APPENDIX B 
AS-507 SIGNIFICANT CONFIGURATION CHANGES — 


B.1 INTRODUCTION 


AS-507, sevent) flight of the Saturn V series, was the fifth manned Apollo 
Saturn V venicle. The AS-507 launch vehicie configuration was essentially 
the same as the "S-506 with significant exceptions shown in Tables B-1 7 
through B-3. (There were no significant configuration changes on the S-IC 
stage.) The basic AS-507 Apollo 12 spacecraft structure and components 
were unchanged from the AS-504 Apollo 9 configuratior except Lunar Module 
(LM) crew provisions were accompanied by portable life support systems and 
associated controls required to accommodate extra vehicular surface activ-. 
ity, similar to AS-506, Apollo 11. The basic vehicle aescription is 
presented in Appendix B of the Saturn V Launch Vehicle rae Evaluation 
Report AS-504, Apollo 9 Mission, MPR-SAT-FE-69-4. | | 


* 


S-II Significant hathaidbes Changes 


Change in J-2 engine pre-cant To reduce the thrust cone heating 

angle from 2.3 degrees to 1.3 rate during the interstage-on 

degrees. portion of flight by 25 percent 
thereby allowing the mission to 


Table B-1. 


SYSTEM CHANGE 


Structure 


continue to S-II stage propeliant 
depletion in the event of an 
actuator failure hardover-outboard 
occurring either prior to or after 
S-II /interstage separation 
(i.e., eee flight mission 
rule 6-8A 7 


Propellant 
Utilization 


Tastrumentatic. 


Launch Vehicle 
Ground Support 
Equipment 
(LVGSE) 


Addition of parallel wire to 


PU computer. 


Addition of three new orvssure 
measurements, three new vibra- 
tion measurements, and re- 
channelization of three 
pressure measurements. 


Change $7-41 start tank pres- 
surizing regulator range 
setting from 1175 235 psia 
to 1225 £25 psia. 


B-] 


To surply rated voltage at com- 
puter interface under all stage 
bus normal limits. 


To provide data for evaluation 
of low frequency oscillations 
at end of S-II boost period. 


To provide greater margin for 
Sround Support Equipment (GSE) 
to satisfy liftoff redlines. 





Table 8-2. S-IVB Significant Configuration Changes 
CHANGE REASON 
instrumentation Added one SS/FM Tink. To better devine the low frequency 


vibration which occurred on AS-505 


-—, 


Table B-3. 


SYSTEM 


Environmental! 


Added 12 acoustic, 5 vibra- 
tion and 2 miscellaneous 
measurements. 


The preflight air/GN> purge 


and to investicate the acoustic 
environment on the S-II/S-IVB 
interstage below the protruding 
APS module. 


IU Significant Configuration Changes 


Additional ducts were routed 


Control duct was modified at locations to the Radio Isotod< Thermo- 
19 and 23. Ducting, brackets, Etectrical Generator (RTG) 
and nozzles similar to those fue? cask located in the LM 
used on S-IU-505 were installed} descent stage to provide pre- 
on S-IU-507. flight cooling. 
The MFCV will be driven to Increase ECS reliability by 
zero bypass orior to liftoff. driving Modulating Flow Contro! 
Valve (MFCV) to zero bypass 
prior to going into the flight 
mode. 
Thermal switch settings for These settings determined from 
S-1U-507 Environmental preflight test data. 
Contro!? System (ECS). 
Open: 59.6°F 
Close: 60.3°F 
Second source ECS pump will This pump is being flown as 
be flown as primary on part of its flight qualifi- 
$-TU-507. cation program. 
Instrumentation New design Command and Communt-| The switches flown on S-JU-501 
and Communi - cations System (CCS) coaxial through S-IU-506 were subject 
cations switch flown on S-IU-507. to failure if the switch lost 


Two S-IVB vibration measure- 
ments added to the DF-] tele- 
metry tink. 

Added Measurements: 

£99-411 Bending Mode 
Vibration, Pitch 
Forwar Jj 

Bending Mode 
Vibration, Yaw 
Forward 


100-411 





B-2 


‘interna! pressure. Failures 
occurred on S-IU-505 and $- IU-506 
resulting in loss of CCS down- 
link. 


Added to monitor low frequency 
structural vibrations. 


Table B-3. 


CHANGE 


Additional cables and modi- 
fications tc tne measuring 
distrisutor and DF-1 iM 
assembly. 


SYSTEM 


Networks 


Cable modified to interchange 
INT 2 and DIN 1? functions. 







Coolant pump filter not in 
IU networks on S-IU-507. 





Four underwater location 
devices added to the IU. 





Special 
Equipment 









First generalized flight 
program to be flown. 


Flight 
Programs 













 $-IT two engine out detection 
capability. 
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IU Significant Configuration Changes (Continued) 


REASON 


Modifications were required 
to add two S-IVB vibration 
measurements to the OF-1 
telemetry system. 


Provide an interrupt to the 
LVDA indicating spacecraft 
commanded S-IVB €CO and a 
discrete input for S-IC 
center engine out A. 


Second-source (vendor) 
coolant pump nas an 
internal filter. 


These are self contained 


devices attached to IU co'd- 


plates to assist in locating 
the LM RTG fuel cask in the 
event of an over the water 
abort. 


Facilitates easier program 
modification and promotes 

economical utilization of 

LVDC core memory. 


Prior to this, only one S-II 
engine out could be detected. 
by the program. 
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